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PREFACE 

This manual contains Condensed Logic Flow charts to be u:>cd for recall 
or instructional purposes. 

The EC Level of the CAS Logic Diagrams (CLD) for the basic machine 
isl28062. The Level for the 1400 Compatibility section is 128122. 

The charts in this manual were drawn to show the general logic and 
flow ot the microprogram used by the 2030. The charts contain the CAS 
logic diagram page numbers where the exact process can be located and 
followed . 



Fifth Edition Qune 1967) 

This edition, Y24-3466-2, is a major revision of and obsoletes the previous edition, 
Y24-3466-1, and the Supplement Y24-3490. Principal changes include the addition 
of the diagnostic techniques charts and information pertaining to ROAR stop. 

This manual has been prepared by the IBM Systems Development Division, Product 
Publications, Dept. 171, P. O. Box 6, Endicott, N. Y. 13760. Send comments 
concerning the manual to this address. 



This manual has been prepared by the IBM Systems Development Division, 
Product PubUcations, Dept. 171, PO 6, Endicott, New York 13760 
Address comments concerning the manual to this address. 
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Action Index 




DT Chart 


A 


Diagnostic Check Out 




DT Chart 


B 


CPU Checks 




DT Chart 


C 


Device Chart 




DT Chart 


D 


Operators Console Check Out 




DT Chart 


E 


1400 Compatibility Oriented 




DT Chart 


F 


Hang Ups, Loops, and Stops 




DT Chart 


H 


Last Initiated Address 




DT Chart 


HI 


IPL 




DT Chart 


1 


CF Stops and Special One Word 


Loops 


DT Chart 


J 



Machine Language (Macro Program' 

Loops 
Multiplexor Channel 
Multiplexor Catalog Numbers 
Program Checks 

Missing Records or Wrong Results 
Selector Channel 
Wait and/or Error Message, 

Unexpected External Interrupt 
Power and LP Light 



DT Chart 
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DT Chart 


M 


DT Chart 


N 


DT Chart 


P 


DT Chart 


R 


DT Chart 


S 


DT Chart WX 


DT Chart YZ 



ROAR STOP CHARTS 



IPL Three Card Hex Loader— MPX 

Channel Burst Mode 
Selector Channel — Tape and File IPL 
Objective Approach to Channels 
MPX— SIO Input/Output Burst or 

Byte Mode 
Selector Channel 
Selector Channel TIO and SIO 

1400 Compatibility I Cycle 

1401 Compatibility Punch Operation 
1401 Compatibility Read Operation 
1401 Compatibility Print Operation 
1400 Tape Operation-Tapes on MPX 

Channel or Selector Channel — 
I Cycles 
1400 Compatibility Tape Read 
Operation — Selector Channel 



RS Chart 



RS Chart 


2 


RS Chart 


3 


RS Chart 


4 


RS Chart 


5 


RS Chart 


6 


RS Chart 


7 


RS Chart 


8 


RS Chart 


9 


RS Chart 


10 


RS Chart 


11 


RS Chart 


12 



1400 Compatibility Tape Selector RS Chart 13 

Setup-Tape Write Op 9 Track Drive 

1400 Compatibility Tape Read RS Chart 14 

Operation TMPXR 

1400 Compatibility-Tapes on MPX RS Chart 15 

Set Up— Tape Write Op 9 Track 

Drive 

1400 File Compatibility RS Chart 16 
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Seek Operation RS Chart 23 

Alternate Track Entry and Exit RS Chart 24 

Objective 
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CD 



1 I Cycles 

] Muhiple Er.kies) 






Readout 2nd, 3rd ond 4th 
Bytes of the Instruction. 
Check for Zero Index and 
Base Addresses 



000 Invalid 

001 Invalid 
010 Invalid 
Oil Invalid 

100 Set Program Mask 

101 Bronch and Link 

1 10 Branch on Count 

111 Bronch/Condition 



000 Lood Positive 

001 Load Negative 
010 Load and Test 
Oil Load Complement 

100 AND 

101 Compare Logical 

110 OR 

111 Exclusive OR 



^--^^ 10 


11 




000 Set Key 




000 Load 




001 Insert Key 




001 Compare 




010 Supervisor Call 




10 Add 




Oil Invalid 




Oil Subtract 




100 Invalid , ., ... , 

101 Invalid / ^^l^--^'- 

111 Invalid 




100 Multiply 

101 Divide 






110 Add Logical 

1 1 1 Subtract Log 


col 



Restore Instruction 
Address in Correct 
Registers 



Readout PSW Bit and 
Instruction Length Codi 



Restore Instruction 
Length Code 



l-Cycles Bronch 



l-Cycles Execute 



Set a Register for 
Interrupt Code, 
Program Interrupt 



QA879 






QA021 



Set the Displacement into 
Registers, Add the Base to 
the Displacement 



Set the Displacement 
into Registers 



Compatibility 
Mode 



Add Index to the 
Displocement, Check 
for Address Over 65K 



Add Index to Result of 
Bose and Displacement, 
Check for Address 
Over 65K 



Readout the Op Code, 
Set the Op Code in a 
Register for Op Decode, 
Check for Valid Address 



QAOOl 



I Op Code Bit 3 is Branched 
' On Lost; To Determine 
1 Single or Double Precision 





00 


^ 


Bit 




QB37 








QB361 


00 Load Positive 




00 Halve 




01 Load Negative 




01 Invalid 




10 Load and Test 




10 Invalid 




1 1 Load Complement 




11 Invalid 





QB271 



00 Load 

01 Compare 

10 Add Normalized 

11 Subtract Normalized 




Test Interrupt. Set 
X6 and X7 to: 

Timer/Extern 

1 Channel 1 

1 Channel 2 

1 1 Multiplexor 



RX Half 



RX Full 



RX 
Floating 



l-Cycles I Bx 
Char* 002 



QA86I 





Chart 007 
QB271 



Setup the Instruction 
Address to be Stored, 
Store the Storage Wrap 
Condition if One Exists 



RS, SI and SS Formats 



00 Multiply 

01 Divide 

10 Add Unnormolized 

11 Subtract Unnormolized 



000 Store 

001 Invalid 
010 Invalid 
Oil Invalid 

100 Invalid 

101 Invalid 

110 Invalid 

111 Invalid 





00 


01 ^^' 




QA911 


QA431 




QA191 






QA451 


000 Set System Mask 




000 Store Multiple 


001 Invalid 




001 Test Under Mask 


010 Load PSW 




010 Move 


Oil Diognose 




Oil Invalid 


100 Write Direct 




100 AND 


101 Read Direct 




101 Compare Logical 


1 10 Branch/High 




110 OR 


111 Branch/Low-Equal 




111 Exclusive OR 



Op Code 



000 Load 

001 Compare 

010 Add Normalized 
Oil Subtract Normalized 

100 Multiply 

101 Divide 

110 Add Unnormolized 

111 Subtract Unnormolize 



Store the Instruction 
Address, Set and Store 
the PSW Bit, Store the 
Instruction Length Code 




QA081 
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11 


'^ 




QA461 




QA311 






QC001 


000 Shift Right SL 




000 Load Miiliiple 


001 Shift Left SL 




001 Invalid 


010 Shift Right S 




010 Invalid 


Oil Shift Left S 






100 Shift Right DL 




100 Start I/O 


101 Shift Left DL 




101 Test I/O 


no Shift Right D 




110 Halt I/O 


111 Shift Left D 




111 TestOionnel 



1 ^ 





--L- 


1 


Op Code 


Bit 3 is 


Bronc 


hed 


On at the 


End to D 


eterm 


ine 


Single or 


Double 


Preci 


sion 



Set a Register for 

Interrupt Code, 

Program Interrupt 



Reset the Wrap Latch, 
Readout the 5th and 6th 
Bytes of the Instruction, 
Check for Zero Base 
Address 



QA879 



001 is Valid for 1400 
Decode of a 99 Op. 
See Chart 156 



Invalid Ops 
Program Interrupt 




10 QA081 



Invalid Ops 
Program Interrupt 



F 

Chart 007 



00 Invalid 

01 Move Numei 

10 Move 

1 1 Move Zone 



Op Code 
Bit 4, Bit 5 



QA771 



00 AND 

01 Compare Logical 

10 OR 

11 Exclusive OR 



5 


^ ' 


10 


11 












QA781 
QB151 


00 Invalid 

01 Invalid 

10 Invalid 

11 Invalid 




00 Translate 

01 Translate and Test 

10 Edit 

1 1 Edit and Mark 





00 

QA791 


01 """"--v^ 


00 Involid 

01 Move with Offset 

10 Pack 

1 1 Unpack 
















00 Invalid 

01 Invalid 

10 Invalid 

11 Invalid 




10 

QBOOl 




11 


00 Zero and Add 

01 Compare 

10 Add 

1 1 Subtract 












QB061 




00 Multiply 

01 Divide 

10 Invalid 

11 Invalid 



OP 


Name 


Chart 


04 


Set Program Mask 


007 


05 


Branch and Link 


006 


06 


Branch on Count 


004 


07 


Branch on Condition 


004 


08 


Set Key 


003 


09 


Insert Key 


003 


OA 


Supervisor Coll 


007 


10 


Load Positive 


003 


11 


Load Negative 


003 


12 


Load and Test 


003 


13 


Load Complement 


027 


14 


AND 


004 


15 


Compare Logical 


004 


16 


OR 


004 


17 


Exclusive OR 


004 


18 


Load 


003 


19 


Compare 


005 


lA 


Add 


005 


IB 


Subtract 


005 


1C 


Multiply 


008 


ID 


Divide 


009 


IE 


Add Loaical 


005 


IF 


Subtract Logical 


005 


20 


Load Positive 


003 


21 


Load Negative 


003 


22 


Load ond Test 


003 


23 


Load Complement 


027 


24 


Halve 


026 


28 


Load 


027 


29 


Compare 


028 


2A 


Add N 


028 


2B 


Subtract N 


028 


2C 


Multiply 


030 


2D 


Divide 


032 


2E 


AddU 


028 


2F 


Subtract U 


028 


30 


Load Positive 


003 


31 


Load Negative 


003 


32 


Load and Test 


003 


33 


Load Complement 


027 


34 


Halve 


026 


38 


Load 


027 


39 


Compare 


028 


3A 


AddN 


028 


36 


Subtract N 


028 



Op 


Name 


Chart 


3C 


Multrplj- 


030 


3D 


Divide 


032 


3E 


Add U 


028 


3F 


Subtract U 


028 


40 


Store 


003 


41 


Load Address 


003 


42 


Store Character 


003 


43 


Insert Character 


003 


44 


Execute 


006 


45 


Branch and Link 


006 


46 


Branch on Count 


004 


47 


Branch on Condition 


004 


48 


Load 


003 


49 


Compare 


005 


4A 


Add 


005 


4B 


Subtract 


005 


4C 


Multiply 


008 


4E 


Convert - Decimal 


012 


4F 


Convert - Binary 


on 


50 


Store 


003 


54 


AND 


004 


55 


Compare Logical 


004 


56 


OR 


004 


57 


Execlusive OR 


004 


58 


Load 


003 


59 


Compare 


005 


5A 


Add 


005 


5B 


Subtract 


005 


5C 


Multiply 


003 


5D 


Divide 


009 


5E 


Add Logical 


005 


5F 


Subtract Logical 


005 


60 


Store 


026 


68 


Load 


027 


69 


Compare 


028 


6A 


Add N 


028 


6B 


Subtract N 


028 


6C 


Multiply 


030 


6D 


Divide 


032 


6E 


AddU 


028 


6F 


Subtract U 


028 


70 


Store 


026 


78 


Load 


027 


79 


Compare 


028 


7A 


Add N 


028 



Op 


Name 


Chart 


7B 


Subtract N 


028 


7C 


Multiply 


030 


7D 


Divide 


032 


7E 


AddU 


028 


7F 


Subtract U 


028 


80 


Set System Mask 


007 


82 


Load PSW 


007 


83 


No Chart 


— 


84 


No Chart 


— 


85 


No Chort 


— 


86 


Branch/High 


006 


87 


Branch/Low Equol 


006 


88 


Shift Right SL 


013 


89 


Shift Left SL 


013 


8A 


Shift Right S 


013 


8B 


Shift Left S 


013 


8C 


Shift Right DL 


013 


8D 


Shift Left DL 


013 


8E 


Shift Right D 


013 


8F 


Shift Left D 


013 


90 


Store Multiple 


014 


91 


Test Under Mask 


014 


92 


A/tove 


014 


93 


Test and Set 


014 


94 


AND 


004 


95 


Compare Logical 


004 


96 


OR 


004 


97 


Exclusive OR 


004 


98 


Load Multiple 


014 


9C 


Start I/O 


034 


9D 


Test I/O 


034 


9E 


Halt I/O 


034 


9F 


Test Channel 


034 


Dl 


Move Numeric 


015 


D2 


Move 


015 


D3 


Move Zone 


015 


D4 


AND 


015 


D5 


Compare Logical 


015 


D6 


OR 


015 


D7 


Exclusive OR 


015 


DC 


Translate 


016 


DD 


Translate and Test 


016 


DE 


Edit 


017 


DF 


Edit and Mark 


017 


Fl 


Move with Offset 


019 



Op 


Name 


Chart 


F2 


Pack 


019 


F3 


Unpack 


019 


F8 


Zero and Add 


020 


F9 


Compare 


020 


FA 


Add 


020 


FB 


Subtract 


020 


FC 


Multiply 


022 


FD 


Divide 


024 



Notes: Codes Not Shown Are 
Invalid and Cause a 
Program Interrupt. 
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00 


01 "^^^ 




QA44 






QA431 


00 Store 




00 AND 


01 Invalid 




01 Compare Logical 


10 Invalid 




10 OR 


11 Invalid 




11 Exclusive OR 



Op Code 
Bit 4, Bit 5 
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^ 


10 

QA411 






11 

QA511 
QA411 


00 Load 

01 Compare 

10 Add 

1 1 Subtract 




01 Multiply 

01 Divide 

10 Add Logical 

1 1 Subtract Logical 




Program Interrupt 



00 Store 

01 Load Address 

10 Store Character 

1 1 Insert Character 



00 Multiply 




01 Invalid 




10 Convert - 


Decimal 


1 1 Convert - 


Binary 



00 Execute 

01 Branch and Link 

10 Branch on Count 

1 1 Branch/Condition 



o 



o 
o 

CO 



TO 
I 

X 



X 

Q. 

O 



n 

O 
Q_ 



Load 
Positi' 



Load 
Negati' 



Readout Second Op- 
erand, Test Sign 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR Load 


18 


Rl 


R2 


^;^;^::> 


-=c:^ 


RX Hclfword Load 


48 


Rl 


X2 


B2 


D2 


D2 


RX Load 


58 


R2 


X2 


B2 


D2 


D2 


RX Store 


50 


Rl 


X2 


B2 


D2 


D2 



Cliarl 002 
Set Key Insert Key 

09 

A211 



Cliart 002 

Store 
Character 



Chart 002 

Insert 
Character 



(Load +) 



1 (Load -) 



Chart 002 

Load 
Complement 

13 



Chart 002 
Load 
and Test 



QA441 




Objective: 

Loads - Place the second operand into Rl . 
Store - Rl is moved to main storage ot the effec 
address of the second operand. 



Check for Pr 


sblem State 


1 QA211 


Readout Byte 
Operand 


I of Second 



Readout Byte 3 of the 
First Operand 



QA051 



Readout Byte 3 of the 
First Operand 



Readout Second Op- 
erand Byte 



Readout First Op- 
erand, Set Comple- 
ment, Complement the 
Second Operand 



Readout First Operand 



Readout the Second 
Operand, Set Complement 



Readout the Second 
Operand 



Readout First Operand 
Set Complement, Com' 
plement the Second 
Operand 



Chart 002 
RR Load RX Load 



Replace First Operand 
with Results, Readout 
Second Operand 



(Halfword) 



Readout First Operand, 
Check Sign, Replace 
First Operand with the 
Second Operand 





Ciiart 002 
RX Store 




Readout First Operand, 
Replace the First Op- 
erand Byte with Zeros 



Readout First Operand, 
Replace First Operand 
with the Second Op- 
erand, Check to See 
if Second Operand = 
00 



Readout Fiist Opemnd, 
Complement the Second 
Operand, Replace First 
Opetand with Results, 
Check foi Zeio Results 



Readout First Operand 
Replace the First Op- 
erand Byte with Ones 




Op Codes 



Return to l-Cycles 



Op Format 


Byte I 


Byte 2 


RR Load Positive 


10 


1 
Rl IR2 


RR Load Neqative 


11 


Rl lR2 


RR Load Complement 


12 


Rl lR2 


RR Load and Test 


13 


Rl |R2 



Objectives: 

Load Positive - The true value of R2 is placed in R I . 
Load Negative - The two's complement of the true 

value of R2 is placed in Rl . 
Load Complement - The two's complement of R2 is 

placed in Rl. 
Load and Test - R2 is set into Rl and tested for sign 
and magnitude to set the condition 
code. 




Readout the First 
Operand 



Readout the Se 
Operand, RepI 
the First Operc 



I Op Codes 10, 11, 12, 13 



Readout Program Mask 
and Condition Code 



QA421 



To Program Interrupt 



Test Result for Zero, An- 
swei and Sign Condition, 
Set Condition Code 






1 


OA421 


Store Program Mask and 
Condition Code, Return 
to l-Cycles 




No QA211 



Read 


out 


Byte 3 of Se 


cond 


Ope 


one 


, Check for 


Ad- 


dress 


Ov 


er 65K 





Interrupt 





Readout Byte 3 of the 
First Operand, Replace 
it with the Byte from the 
Second Operand 



\' 




^ 


QA211 


Readout Storage Key 
From Register Addressed 
by First Operand and Set 
into a Register 



Readout a Byte from Main 
Storage and the Storage 
Key for that Block from 
the Protect Stack 




Set Key in the General 
Register Addressed by the 
First Operand 



Set New Storage Key 
in Protect Stack 



Return to l-Cycle 



r 

Chart 001 



Readout Low Order Byte 
of Second Operand, Re- 
place it with the Byte 
from the First Operand 



QA051 



Readout Low Order Byte 
of Second Operand, 
Replace it with the 
Byte from the First 
Operand 



Readout Byte 2 of the 
First Operand 



Readout Next Byte of 
the Second Operond, 
Replace it with the 
Byte from the First 
Operand 



Return to l-Cyc 



QAOOl 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR Set Key 


08 


Rl R2 




.^--^ 


RR Insert Key 


09 


Rl R2 


^,---^ 


"^---.^ 


RX Store Half. 


40 


Rl X2 


B2|D2 


D2 


RX Load Address 


41 


Rl X2 


B2 iD2 


D2 


RX Store Char. 


42 


Rl X2 


B2 lD2 


D2 


RX Insert Char. 


43 


Rl X2 


B2 1D2 





Objective: 

Set Key - Set the Storage Protect Key for main storage 

block addressed by R2 into the stock. 
Insert Key - Read the Storage Protect Key for main storage 

block addressed by R2 and set into Rl . 
Stoie Halfword - To move the 16 low order bits of Rl 
to main storoge addressed by the 
second operand . 
Load Address - Set the effective address of the second 

operand into the low 24 bits of Rl . 
Store Character - Move byte 3 of Rl to main storage 

addressed by second operand . 
Inseit Chaiactei - The byte in main storage addressed by 
the second operand is set into byte 3 
of Rl. 



Lood 
Address 



Reodout Byte 3 of the 
First Operand, Replace 
it with the Low Order 
Eight Bits of the Second 
Operand Address 



QA051 



Readout Byte 2 of the 
First Operand, Replace 
it with the High Order 
Eight Bits of the Second 
Operand Address 



QA05I 



Readout Byte 1 of the 
First Operand, Replace 
it with the Second 
Operand Byte Over 65K 



Readout Byte of the First 
Operand, Replace with all 
Zeros 



n 



o 
o 



TO 

X 



X 

o 

Q_ 
O 



n 
o 

Q- 
(/> 

ro 



OP Foimat 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RX Branch 
On Condition 


46 


Ml X2 


B2 ; D2 


D2 


RX Branch 
On Count 


47 


Rl X2 


B2 1 D2 


D2 


RR Branch 
On Condition 


06 


Ml R2 






RR Branch 
On Count 


07 


Rl R2 





Objective: 

Branch On Condition: If Condition Code and Mask 

Motch, Branch to Developed Address. 

Branch On Count: Branch to Developed Address 

Each Time Until Sum In Rl Is Equal to Zero. Each 

Time Through Subtract 1 from Amount in Rl . 




Chart 002 



Exclus 
OR 



And 
54 



ExcluSiN 

OR 



QA431 



Reodout First Operand 
Set Low-Order Address 
of Second Operand to 00 



QA161 



(Compare) 



Store Address Over 65K 
in Local Storage 



Compare Fi rst and 
Second Operands by 
Complement Addition, 
Test for Zero Results 



Read and Reset the 
PSW Bit, Restore 
Instruction Length Cc 



Tes 


fo 


Non-Zero 




Cor 


dit 


on. Set Co 


'7 


Lot 


ch i 


f an ALU 




Car 


y Occurs, Res 


=t 


the 


Co 


ry Latch if 


not 



Store Address over 65K 
in Local Storoqe 



Reodout 
Count 



No 












1 QA 1 7 1 














Subtract 1 from the 






(3) 








Count, Set the Carry 












Latch if a ALU Carry 






T 








Occurs 






^/^^^^ 


QA171 










r< 


Count 
Byte Zero 


> 


No 1 










AvQAlZl 


^^^^ ^ 


^ 






^ 


k^ QA171 





QA171 



QA171 



Readout Next Count Byte, 
died: for Byte 



QA 1 7 1 



fe-t for Non-Zero Condi- 
tion, Set Corry Latch if an 
ALU Carry Occurs, Reset 
the Carry Latch if not 



And 
14 



Compar 
15 



QA431 



Set First and Second 
Operand Addresses for 
High-Order Byte, Read 
Out Second Operand 



OR 



Set Source (Second) 
Operand in a Register, 
Readout Destination 
(First) Opcrond 



(AND) 




(OR) 



(Exclus 



AND First and Second 
Operands, Test for 
Zero Results 



OR First and Second 
Operands, Test for 
Zero Results 



QA431 



Exclusive OR First and 
Second Operands, Test 
for Zero Results 



Rep 


ace 


the First 




wit 


the 


Results, 


Reset 


the 


Carr 


y Latch 






QA431 



Readout Program Mask 
and Condition Code Byte 
Test for Zero Result 
and High , Low, or" Equal 



OP Format 


Byte 1 


Byte 


2 


Byt 


e 3 


Byte 4 


RR AND 


14 


Rl 


R2 


K^ 


RR OR 


15 


Rl 


R2 


RR Compare 


16 


Rl 


R2 


RR Exclusive OR 


17 


Rl 


R2 


RX, AND 


54 


Rl 


X2 


B2 1 


D2 


RX OR 


55 


Rl 


X2 


B2 1 


D2 


RX Compare 


56 


Rl 


X2 


B2 1 


D2 


RX Exclusive OR 


57 


Rl 


X2 


B2 1 


D2 


SI AND 


94 


12 


B) [ 


Dl 


SI OR 


95 


12 


BI 1 


Dl 


SI Compare 


96 


12 


BI 1 


Dl 


SI Exclusive OR 


97 


12 


Bl 1 


Dl 



QA421 



Se 


C 


Dndi 


ion 


Code 


nd 


Sfc 


re 


Proq 




Mask a 


nd 


Co 


nd 


tion 


Co 


de Byte 


n 


Lo 


al 


Stoi 


age 







Return to l-Cycies 



QAOOl 



Cliai-t 001 



Objectives: 

AND - To AND the Bytes of the First Operand with the 
Bytes of the Second Operand. The Results of the 
AND Replace the First Operand. 

OR - To OR the Bytes of the First Operand with the 

Bytes of the Second Operand. The Results of the 
OR Replace the First Operand. 

Compare - Compare the First Operand to the Second 

Operand. Comparison is Left to Right, Ends 
on on Unequal . 

Exclusive OR - The First Operand is Exclusively ORED with 
the Second Operand. The Results of the 
Exclusive OR Replace the First Operand. 



Note: In the SI Format, 12 is the Second Operand and is 
One Byte Long. The Address of the First Operand 
is for the Leftmost Byte in the Field. 

The Condition of the Result for AND, OR, Compar 
and Exclusive OR is Stored in the Condition Code 
Register in Local Storage. 



Example: (Only Two Bytes Shown) 



AND 

First 0001 1100 1010 0001 

Second 0001 0011 1001 1110. 

Result 0001 0000 1000 0000 

Compare 

First 0001 1100 1010 0001 

Second 0001 0011 1001 1110 

First 3001 , 1100 1010 00,01 

Complement Second 1110 HOP' ' 
Unequal 0000 lOOO 



End 



OR 

0001 1100 1010 0001 

0001 0011 1001 1110 

0001 nil 1011 nil 



Exclusive OR 

0001 1100 1010 0001 

0001 0011 1001 1110 

0000 nil 0011 nil 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR Compare 


19 


RliR2 


\ / 


RR Add 


lA 


R1JR2 


\/ 


RR Subtract 


IB 


R1|R2 


X 


RR Add Logical 


IE 


R1|R2 


/\ 


RR Subtract Log. 


IF 


RlJR2 


/ \ 


RX Half Compare 


49 


Rl|x2 


1 
B2ID2 


D2 


RX Half Add 


4A 


R1|X2 


B2|d2 
1 


D2 


RX Half Subtract 


4B 


R1|X2 


82102 

1 


D2 


RX Compare 


59 


RllX2 


B2|D2 


D2 


RX Add 


5A 


R1IX2 


B2|'d2 


D2 


RX Subtract 


58 


R11X2 


B2|d2 
1 


D2 


RX Add Logical 


5E 


RllX2 


82|D2 
1 


D2 


RX Subtract Log. 


5F 


Rl|X2 


82Id2 

1 


D2 



Objective: 
Add 



The second operand is added to the first operand , 
and the sum is placed in the first operand location. 



Add Logical - Same as Add. The difference is in the setting of 
the condition code. 

Subtract - The second operand is subtracted from the first 

operand, and the difference is placed in the 
first operand location. 

Subtract Log. - Same as Subtract. The difference is in the 
setting of the condition code. 

Compare - The first operand is compared with the second 

operand, and the result determines the setting 
of the condition code. 




CLF 005 RR-RX Fixed Point, Multiple Codes 3 



n 



o 



I 

TO 

X 



Q- 
O 



5: 

C 



n 
o 

Q_ 



Execute 
Chart 002 f 44 



Readout Byte to be ORED 
with Bits 8-15 of the Next 
Instruction 




Change Byte to 00 
to Prevent Bits 8-15 
Modification 



Store Address of Next In- 
struction After Execute 
Instruction 



Set Up Address of Instruc- 
tion to be Executed 



Set Condition to Indicate 
an Execute Op Has Been 
Done 



Store Instruction Length 
Count in Local Storage . 
Set PSW Bit to Show In- 
struction Address is 
Stored. 



QA091 



Return to l-Cycle 
(Execute) 




If 2nd Operand Uses Reg 
Ister 0, do not Branch 



Restore Instruction 
Address fro 
Storage to Register; 



Restore Instruction 
Length Code and 
Reset PSW Bit 




Branch 
Index High 



Branch 
Inde x Low/ Equal 

87 ICh, 



Store Low Byte of 
Branch Address in 
Local Storoge 



Store Address Over 
65K in Local Storage 



Store Instruction 
Address in Register 
Addressed by First 
Operand 



QA901 



If 2nd Operand Uses Reg- J 
ister 0, do not Branch 



Store the Instruction 
Length Code, Condition 
Code, and Program 
Mask in Byte of the 
Register Addressed by 
First Operond 



QA901 



Set Branch Add 
into Registers, Test 
for Boundary 




Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR - Branch and Link 


05 


ri:r2 


"3;;:::=- 


f^^HZZ. 


RX - Branch and Link 


45 


R11X2 


62102 


D2 


RX - Execute 


44 


Rl|X2 


B2 1 D2 


D2 


RS - Branch High 


86 


ri;r3 


R2;D2 


D2 


RS - Branch Low/Eq . 


87 


R11R3 


R2|D2 


D2 



Return to l-Cycle 
(Branch) 



C 

Chart 001 



Objective: 

Branch and Link - Store the Updated Rightmost 32 
Bits of the Current PSW and Set 
the Branch Address into the In- 
struction Counter. 



Execute - 



Branch High - 



Branch Low/Equol 



Bits 8- 15 of the Instruction ot the 
Branch Address, Second Operand 
Effective Address, is Modified by 
ORING Byte 3of Rl with Bits 
8-15. The Instruction as Modified 
Will Now be Processed. 

Add the Contents of R3 to R 1 and is 
Compared to the Contents of R3 or 
R3+ 1 . If the Compare is High, o 
Branch is Token to the Effective 
Address of the Second Operond. 

Same as Branch High only Branch 
n Equal or Low Compare. 




Store Address Over 
65K in Local Storage 



Increment (Index) is Third 
I Operand, Comparand is 
1 the Index or is Stored One 
l~~ , Register Above 



QA191 



Readout Increment and 
Comporand Bytes. Store 
Comparand Byte in a 
Register 



QA191 



Readout First Operand 
and Add to Increment. 
Replace First Operand 
with Sum 



QA191 



Compare Su 
the Comparand 




This is Done by 
Subtracting the Sum 
from the Comparand 



Reset PSW Bit and 
Restore Instruction 
Length Count 




Set Bronch Address 
into Correct Register 



Return to l-Cycles 
(Branch) 




Op 
Code 


IBC 


Adder 
Carry 


Op 



Op 
7 


Branch 


86 


No 


No 


- 





No 


86 


No 


Yes 


- 





Yes 


86 


Yes 


- 








No 


86 


Yes 


- 


1 





Yes 


87 


No 


No 


- 


\ 


Yes 


87 


No 


Yes 


_ 


1 


No 


87 


Yes 


- 





1 


Yes 


87 


Yes 


- 


1 


1 


No 





1st Operand 


Increment 


Comparand 


Start 


00 00 02 04 


00 00 00 60 


00 00 02 12 


Finish 


00 00 02 64 


00 00 00 60 


00 00 02 12 



Low Order 
Byte Address 



Readout Low-Order Bytes, Add A to C, Subtract Sum of A+C from B. 
Replace 1st Operand Byte with Sum of A + C . 



1st Operand Increment Comparand Register Register Registe 

Address Address Address ABC 



1st Operand 



Reodout 
4 3 



Readout 
5 3 



Reodout 
2 3 



No Carry 
A E 



Readout Next Byte, Repeat Routii 



Reodout 
4 2 



Readout 
5 2 



Readout 
2 2 



No Carry 
F F 2 



Readout Next Byte, Repeat Routine 
Readout 



Readout 
5 1 



Readout 
2 1 



No Carry 
F F 



Readout Next (Last) Byte, Repeat Routine 



Readout 
4 



Readout 
5 



Readout 
2 



No Carry 
F F 



Branch High 

86= 1000 ono 

nil ono No Carry, 



Bronch Low/Equal 
87= 1000 01 n 

nil 0000 No Carry 

Adder^ 



Adder 

Carry 0111 0110 Carry "Oll 1 01 1 1 

Bronches ore Now Token on Result of this Add, Adder Corry and Op Bit 7, to 
Determine if the Branch is to be Taken. If a Carry from Bit 1 had Occurred 
then the Branch is Determined by Op Bit and Op Bit 7 offer the Add. 



00 00 02 64 



Check for a Carry from Bit 1 (in Example, Bit 1 Carry did not Occur) 
Now Add High 4 Bits of the Lost Compare, B-(A+C), to Op Code. 



0-u,-,e\ 



Cnart 002 
Load PSW 



Chart C02 

Set 
System Mask 



CLarts 001, 1^6 



C- "t-. 002, I ,6 I 

Supervisor P.ogram . External I O 

Coll InterruDt . Intel ruot Intcrrup 

OA I 1 F I I G I I G 



Readout Byte of 
PSW (System Moskl 



From Charts 034, 035, 
036, 037, 038 and 041 



Readout Byte of 
PSW (System Mask I 



Set System Mask into 
Hardware Latches 



Set System Mask into 
Hardware Latches 



Setup Address of Old 
PSW Intenupt Code 



Set System Mask Into 
Local Stage 



Return to l-Cycles 




— Store interrupt Code 



; For I O Intenupt 

I Store Channel Address 

I in High Byte 



Store Protect Key and 
AMWP Bits in Old PSW 



No QA92I 



A 
Chart 001 



Readout PSW Byte 1 
(Protect Key and AMWP), 
Stoie in Local Storage 
Set Machine Check Mask 



Chait 002 

Set 
Pi-ogiam Mask 



Store System Mask 
in Old PSW 



^<eadout PSW Byte 4 
(Instruction Length Code 
Condition Code and 
Program Mask), Set ILC 
and Program Mask into 
a Register 



Reset PSW Bit, 
Restore ILC 




Restore Instruction 
Address to Registers 



Decode Condition Code ] 
from 2 to 4 Bits i 



Forces Invalid Address 
Next Time PSW Is Used 



QA921 





res ^,-^. 

OA931 


To Mochi 
Routine 


ne Check 



Store Byte 5 in Local 
Storage 




Store Instruction 
Address in Old PSW 




Store 01 for High Byte 
of Instruction Address 



Store 00 for High Byte 
of Instruction Address 



QA931 



QA901 



Store Instruction Length, 
Condition Register, and 
Program Mask in Old PSW 



QA90I 




Yes QA901 



To CSW Storage 
T~QC001 



Chart 034 



Return to I -Cycles 
( Reset PSW Bit) 




Multiple Eiitiit 

Comrnor, Routi 







<^ Ch 

QDiel 


Se: 


C'- 


.nei ' 


k,oi 


trol 


C'l eck 1 




Forced Address 



Cliart 037 
Selector Channel 
Return to MC 



To MPX Channel 




System Re 



Staited by Pr. 
the Stoi t Key 



Reset Machine 
Check Registe 




Reset Machine 
Check Reqistei 



Reset Diagnostic 
Latch 



Reset All UCW's Actl' 
Bit and Protect Key 
to Zeros 



Reset Certain Locations 
In Local Storage 



Reset Certain MPX 
Channel Latches 



To Restoif, Pre 
the Stai t Key 



Stop 




CLF 007 RR Supervisor Call, Interrupts and System Reset 



Cliait 002 


C'.uit 002 


RR 


RX Fullwo 


Multiply 


Multiply 


V 


. ^ 



Store Result !n Even 
Odd Registers Selected 
by Instruction 



Readout and Add Second 
Partial Product to 
First Partial Product 



n 



o 
o 

CD 



TO 

I 

TO 

X 







IL 



Setup Multiplier ii 
Local Storage and 
Hardware Register; 



Digit Shifted Out Plus 
Previous Digit Stored ] 



Co 
(Se 


npu 
e E 


te Prod 
xample) 


JCt 






1 










1 


Digit 


wa 


8 throL 


gh F 



Multiply 


Examp 


es; 




Multiply 


Table 






Multiplicand 


Multiplier 




Digit 




Value 





1 




<0 
+ 1X 




2 




+ 2X 




3 




+2X+1X 




4 




t2X t2X 




5 




i'2X +2X +1X 




6 




+ 2X+2X+2X 




7 




+ 2X +2X+2X 


tlX 


8 




-2X -2X -2X 


-2X 


9 




-2X -2X -2X 


-IX 


A 




-2X -2X -2X 




B 




-2X -2X -IX 




C 




-2X -2X 




D 
E 




-2X -IX 
-2X 




F 




-IX 





This Same Table is Used for Add or 
Subtract. If the Last Cycle was c 
Subtract, Add One to the Multipli 
cand Digit. 



RX Hnlfword Multiply 



X2 



Multiplier is 16 Bits 
Multiplicand is 32 Bits 
Product is 32 Bits 

Operation is the Same as Fullword Except 

Only One Partial Product is Formed. The 

Low 32 Bits of This Product are Set into a 

Registeras the Product. 

Rl con be on Even or Odd Numbered 

Register. 



Multiply 



Rl 



~M 



RX Fullword Multiply 



The Multiplis 
Main Storage 



, Found in R2 or at the Effective Address in 



5C 



Rl 



Multiplier is 32 Bits Long. 

Multiplicand is 32 Bits Long. 

Product is 64 Bits Long, Using Both Rl and Rl+1. 



Rl Even Register 



Rl+1 Odd Register 



The General Register Addressed by R 1 must be an Even Numbe 
Register. The Multiplicand is Found in the Odd Register Afte 
Rl. Example: Rl Addresses General Register 6, the Multipli 
cand is in General Register 7. 

The Product Replaces the Multiplicand. 



32 Bits (Not Used) 



■ Multiplicand - 



-Multiplier 



To do a Full Word Multiply, Two Partial Products are Developed, then Added together to Form the Product. 
Example of Full Word Multiply. Multiplier = 00)00024 Multiplicand = 00300904 



1. Readout Multiplier, Compli 



General Register Addressed by R 1 . Put Low-Or( 
Multiplicand into Local Storage. 



Rl Rl -t 1 

1 00 10 XX 3<Xl I 00 30 09 04] 



Put the High-Order 16 Bits into the 16 High-Order Bits of 



High 16 Bits of 
Multiplier 

Setup in Local Sti 
IX - 0024 
2X = 0048 



Multiplicand 



16 


Bits ir 


to Hordwo 




Hardware 




Reg 


sters 




lool 


13 




Low 


16 Bits of 




Mu 


tiplier 



■ Register 1 Times and 2 Times the Lo 



isters. Set a Copy of the 



Local Storage 
I 00 30 09 04l 



Copy of Multiplicand 
16 Bits of the Multiplier 



3. Develop the First Partial Product by Reading Out the Multiplicand, Decoding each Digit and'Adding c 
Subtracting the IX or 2X of the Low Multiplier. The Product Digits Replace the Multiplicand and the 
Low-Order 16 Bits of the Even Register. Put High 16 Bits of the Multiplier in the Hardward Registers. 

Hordwore Registe rs 

ro~o" I \ Ol 

High 16 Bits of 
Multiplier 




Setup in Local Storage and Ho 
IX -0010 
2X - 0020 



Registers 1 Times and 2 Times the Hihg 16 Bits of the MultipLt 



Develop the Second Partial Product by Reading Out the Copy of the Multiplicand, Decoding Each Digit 
and Adding or Subtracting the IX or 2X of the High Multiplier. The Second Product Digits Replaces the 
Multiplicand Copy and the High 16 Bits are Stored in Hardware Registers. 



Hardware Register 
I I 0| 



Local Storage 
103 00 90 41 



High 16 Bits of Second Partial Produ 



Low 32 Bits of Second Partial Produc 



Add the Second Partial Product to the First Partial Product. The Second Partial Product is Shitted the 
Correct Amount. Result is Set into the Even and Odd Registers Selected by R 1 . 

First Partial Product 
Second Partial Product 



00 00 
too GO 03 00 


06 CI 44 96 
90 40 


Rl 


Rl+1 


|00 00 03 00 


|97 01 44 96 1 



Chart 002 

RR Divide RX Divide 
ID '' 




Store Instruction Counter, 
Instruction Length Code 
and Set the PSW Bit to 
One 




Quotient Bit = 1 



QA601 



Readout High -Order 
Divisor Byte 



Invalid Op 
Program Interrupt 




Do Case 2 

Dividend is Overdrawn 
and is in True Form. 
Shift Dividend Left One 
Bit, Shifting in New Bit 
from Low 32 Bits in Com- 
plement Form, Compute 
Quotient Bit 




QA60I 



Load Divisor into Lo- 
cal Storage and Hard- 
ware Registers in True 
Form 



Load Divisor into Local 
Storage and Hardware 
Registers in True Form 



Do Case 1 

Dividend Not Overdrawn 
and is In True Form. Shift 
Dividend Left One Bit, 
Shifting in New Bit from 
Low 32 Bits in True Form. 
Compute Quotient Bit. 



Do Case 4 

Dividend is Overdrawn 
in Complement Form. 
Shift Dividend Left One 
Bit, Shifting in New Bit 
from Low 32 Bits in True 
Form. Compute Quotient 



Quotient Bit = 




,Set Sign of Quotient 

Divisor Dividend Quotient 

Plus Plus Plus 

Minus Plus Minus 

Minus Minus Minus 

Plus Minus Minus 



QA601 



Load Low-Order 32 Bits 
of Dividend into Local 
Storage and a Hardware 
Register in True Form 



] Odd Register has Low 
i 32 Bits 



Do Case 3 

Dividend Not Overdrawn 
But is in 1 's Complement 
Form; Shift Dividend 
Left One Bit, Shifting in 
New Bit from Low 32 Bits 
in Complement Form. 
Compute Quotient Bit. 



Load High-Order 32 
Bits of Dividend into 
Local Storage and 
Hardware Registers 



I Even Register has High 
I 38 Bits 



QA6n 



Store High Quotient 
Address in a Hardware 
Register 



Set Count into a Hard- 
ware Register for Minor 
Loop 




Quotient Bit = 



Shift the High Byte of 
the Low 32 Bits of the 
Dividend Left One Bit 



Setup so First Divide 
Cycle is a Subtract 



QA621, 631 



End of Minor Loop 
Indicates Eight 
Quotient Bits Have 
Been Stored in a 
Hardware Register. 
Transfer This Byte to 
Local Storage and 
Reload Hardware 
Register with more 
Dividend Bits. 



Store Quotient Byte 
in Local Storage . 
Replacing a Byte of the 
Low Dividend 




Shift High 32 Bits 
Left One Bit and Com- 
pute First Quotient Bit 



Readout Next Byte 
of Low Dividend and 
Set into Hardware 
Register. Setup New 
Count for Minor Loop 




QA641 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


■RR Divide 


ID 


R1!R2 




=:d7 


RX Divide 


5D 


Rl'x2 


B2iD2 


D2 



Objective: To divide the dividend (first operand) by 
the divisor (second operand) and replace 
the dividend with the quotient and re- 
mainder. 



Setup Address of 
Selected Odd General 
Register to Store 
Quotient 



QA641 



Store the Quotient 



Setup Address of 
Selected Even General 
Register Low Byte 




1,2,3, or4 



QA65I 



Cose I - Store as is 
Case 2 - Subtract 
Dividend from Divisor 
Cose 3 - I 's Complement 
Cose 4 -Add Dividend 
to Divisor 



QA65i 



Store Remainder in 
Selected Even Register 



Return to l-Cycles 
(IC Restore) 



QAOOl 



V 

Chart I 



CLF 009 RR-RX Binary Divide 



Note: For this example, assume a divisor of 16 bits and a dividend of 32 bits. 
This is done to shorten the example but still show how the auotient is 
developed. 



Divisor = I 5 2 



The divisor is readout of its General Register or 
Main Storage location and copied into Local 
Storage and a hardware register . 

2. Signs. Check sign of divisor and dividend and set quotient sing. 

In example, both signs ore plus, so the quotient sign is plus. 



3. Dividend - [07"|35| FB| 0a| The dividend Is located In two General 

— ., — — ^, — Registers. The high dividend in the 

Even Odd even-numbered register and the low 

dividend in the odd-numbered register. 
The dividend is readout and the two parts, high and low, 
are copied into Local Storage and hardware registers. 

4. Quotient. The quotient is developed 1 bit at a time and set into a 

hardware register until the end of a minor loop. Then it 
is placed in local storage. 

Note: Shifting of the dividend uses the copy in local storage work area. 
The 4 low bits of a hardware register ore set to F to be used in the 
minor loop count. When the 4 low bits equal 7, the minor loop is ended. 

Note; Setup to start as in cose 1 . 

5. Set high byte of low dividend into a hardwore register. 

6. Shift byte left I bit. 



Add( 



ry in high dividend, shift left 1 bit and do 1 's comple 



8. Add complemented high dividend to divisor to compute quotient 
bit and new high dividend. 

Case I, Carry out = Quotient bit and do case 2. 

9. Shift byte left 1 bit and set quotient bit in low-order position, 
subtract 1 from count . 

10. Add carry In high dividend, shift left I bit. 

11. Subtract dividend from divisor. 

Case 2, Carry out = Quotient bit 1 and do case 1 . 

12. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

13. Add carry In high dividend, shift left 1 bit. 

14. Subtract dividend from divisor. 

Cose 1, No Carry ~ Quotient bit 1 and do case 3. 

15. Shift byte left 1 bit and set quotient bit in.. Subtract 1 from count. 

16. Add carry In high dividend. Shift left 1 bit. 

17. Add dividend to divisor. 

Case 3, No carry = Quotient bit 1 and do cose 3. 

18. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

19. Add carry in high dividend. Shift left 1 bit. 

20. Add dividend to divisor. 

Cose 3, Carry out = Quotient bit and do cose 2. 

21 . Shift byte left I bit and set quotient bit in. Subtract 1 from count. 

22. Shift high dividend left 1 bit. 

23. Subtract dividend from divisor. 

Case 2, No Carry = Quotient bit and do cose 4. 

24. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

25. Add carry in high dividend. Shift left 1 bit. 

26. Add dividend to divisor. 

Cose 4, No Carry = Quotient bit and do case 4. 

27. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

28. Add carry In high dividend. Shift left 1 bit. 

29. Add dividend to divisor. 

Case 4, Carry out - Quotient bit 1 and do case 1 . 

30. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

31. Count has gone to 7. End of minor loop. A quotient byte 

Is In the hardware register. The quotient byte Is set Into local 
storage replacing the high byte of the low dividend copy. The low 
byte of the low dividend Is placed in the hardware register for 
shifting and the count is set to F for the next minor loop. 

32. Shift, high dividend left 1 bit. 

33. Subtract dividend from divisor. 

Case 1, Carry out --■ Quotient bit and do case 2 

34. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

35. Shift high dividend left 1 bit. 

36 . Subtract dividend from divisor . 

Case 2, No Carry = Quotient bit and do case 4. 

37. Shift byte left 1 bit and set quotient bit In. Subtract 1 from count. 

38. Shift high dividend left 1 bit. 



Cose 4, No Carry =^ Quotient bit and do cose 4. 



■ Copy 
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dCopy 
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^-Ju] 



+ E6 80 
NC F6 02 
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I ED| A4[ 
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©*tD9] {xd\ 



[xc] 



[xi] 
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40. Shift byte left 1 bit. Set quotient bit in ond 
subtract 1 from count. 

41. Shift high dividend left 1 bit. 

42. Add dividend to divisor. 

Case 4, Carry out - Quotient bit 1 ond do cose 1 . 

43. Shift byte left 1 bit. Set quotient bit in and 
subtract 1 from count. 

44. Shift highdivided left 1 bit. 

45. Subtract dividend from divisor. 

Case 1, No Carry = Quotient bit 1 and do cose 3. 

46. Shift byte left 1 bit Set quotient bit In and 
subtract 1 from count. 

47. Shift high dividend left 1 bit. 

48. Add dividend to divisor. 

Cose 3, No Carry = Quotient bit 1 and do cose 3, 

49. Shift byte left 1 bit. Set quotient bit in and 
subtract 1 from count. 

50. Shift high dividend left 1 bit 

51. Add dividend to divisor. 

Cose 3, Carry out = Quotient bit and do case 2. 

52. Shift byte left 1 bit. Set quotient bit in and 
subtract 1 from count , 

53. Shift high dividend left 1 bit. 

54. Subtract dividend from divisor 

Cose 2, No Carry = Quotient bit and do cose 4. 

55. Shift byte left 1 bit. Set quotient bit in and 
subtract 1 from count. 

56. Count has gone to 7, End of minor loop. Set 
quotient byte Into low byte of low dividend. 

57. Address of low quotient byte has been reached 
indicating end of major loop. Check signs 
and set the quotient Into the odd numbered 
general register. 



The remainder Is developed and set Into the 
even numbered general register. The correct 
sign is set for the reominder. In the example, 
we ended in cose 4. Cose 4 couses the high 
dividend that has been developed to be added 
to the divisor. The result is the remainder. 



The even/odd general registers hove been set 
with the remainder and quotient with 
proper sign ond divide Is ended. 

Note: The divisor and dividend in actual form would be 

Divisor 

Dividend 

The Quotient would be: 

Quotient 
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00 
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00|71 
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Divisor Copy 
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end Copy 
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|71|0Al 
Shifted Byte 
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-»-10 52 
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(£>• ScTE 



►lO 52 

+ E7 82 
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F"A9"h 
— «-10 52 
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NC-< — FF FB 

►lO 52 

* FF F6-«-l 
(£>« 10 48 

NC-< — \oe} 



[xF] 



[x3 



[x3 



[xi] 




Divisor 10 52 

High Dividend + EF CO 

Remolnder (c)-»-00 12 

Even Odd 



I 001 12 I 1711 ICI 
Remainder Quotient 



CLF 010 RR-RX Binary Divide Example 
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This is Used to Re- I 

member where fhe ' 

First Non-Zero Byte j 

is in Local Storage ' 



Set the Address of the 
High-Order Byte of Work 
Area in a Register 







1 QA271 


Read 
Byte, 
Binoi 

Form 


3ut Fl 

Repic 

y Byte 

for M 


St Opeiand 
ce with 
(Complement 
nus Signt) 



Readout the High-Order 
Byte of the 2nd Operand 



Transfer 2nd Opeiand 
/te to Work Area 





No ^^^ 




QA26I 


Update the Register 
Being Used to Retain 
The Address of the 
First Non-Zero Byte 




TKe Work Area Is 8 Bytes I 
Long; High Address | 

= Indicates End of Area I 




Test to See if Last 
Digit is Valid, Reset 
Carry 




S«t a Register to 07 for 
Program Interrupt 



Sign Byte Found 



This Is Done by Moving 
the Quotient Digit 
Right 1 Digit 



Foimat 


Byte ' Byte 1 


Byte 2 

" T 

B2| D 


Byte 3 


RX 


4F jRl X2 
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Fiist Opeiond 


Start 


XX XX 


XX 


XX 


Finish 


00 j 00 


11 


61 



Second 


Operonc 


- Mair 


Storage 








Byte 


Byte 


Byte 1 


Byte 2 Byte 3 


Byte 4 


Byte 5 


Byte 6 ; Byte 7 


Digits 


00 


00 


00 00 


00 


04 


44 9C 
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:al Storage 












Load 


00 


00 


00 


00 


00 


04 


44 
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Fi 
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00 


00 


00 


00 


00 


00 


00 


OC 




(Hex) 1 161 0001 0001 01 10 0001 (Binary) 

jccessively'dividing the decimol number by 16 and using the 
lemolnder the hexadecimal number 1161 is developed. 

The 2030 converts a decimal numbei to o binary number by multiplying 
each digit by binary 10 and then adding the next digit to the pioduct. 
Then this result is divided by 16. The Quotient is stoied and theRe- 
moindei Is multiplied by 10. This continues until fhe number has been 
conveited. 

In the example to the right, the register numbers oie for example only. 
The woik area has been loaded and R4 has the location of the first 
high-order non-zero byte. 

To multiply a digit by binary 10, shift the number left 3 times (by 

adding). Then add the result of the first shift to the third shift 

Examples: 
04 0000 0100 
04 '0000 0100 
08 0000 1000- 
08 0000 1000 
16 0001 0000 
16 0002 0000 
32 0010 0000 
_8 0000 1000- 
40 0010 1000 

To divide a digit by 16, the digit is shifted 1 digit to the right. 
Example: 

2 64 48 32 16 8 4 2 1 

16133" 10 1 — Remoinder 

T 1 — Quotient 

In Example Rl, 2, and 3 oie used to convert the number. R4 retains 
the work area byte with the first significant digit. R5 hold the low 
four bits of each convert byte for storing complete byte. 



Comments 

Set Rl to 00 Olid set byte 5 in R2. Note: 

The Rl high digit is called Quotient IQI ) ond the Quot 

Rl low digit is called the Remainder. Remo 

The R2 1st digit is added to the Remoinder. Ql 

2nd R2 next digit are set into R3. A test foi 

sign digit is mode. Multiply by 10 if the byte 

does not contain o sign digit. 

Add next digit to the product. 

Divide by 16. This is done by shifting the high 

digit right 1 digit. Store Ql and the Quotient 

,'Q2i of this divide in the work area. If bytes 

stoied equol zero, chonge R4 . 

Readout next byte. Multiply the Remainder by 

10. 

The Pioduct and 1st digit ore added. Ql ond 

next digit ore set into R3 . Test for sign. 



Work Areo 
Byte 5 Byte 6 Byte 7 



J\ IstJ} 
ler— J Next— I 



Set Rl to 00 and set byte 6 in R2. 

Add 1st digit. 

Set Ql and next digit in R3, test for sign. 

multiply Remainder by 10 . 

Divide by 16, store Ql and Q2, test for zero quotient. 
Zeros found. Change R4. 
Readout next byte. 
Multiple Remainder by 10. 

Add 1st digit. 

Set the Quotient and next digit in R3, test for sign. 
Sign is found. Set the Remainder in R5 and set R3 in 
low byte of the work area. 

Set Rl to 00 and set byte 7in R2 . 

Set Ql and next digit in R3, test for sign. 

Sign is found. Store remainder and low digit in R5 in the 

First Operand byte 2, store R3 in lovj byte of the work areo 

The number has been converted, but the loop continues 
until the first operand remaining bytes have been set to 00. 



Multiply remainder by 10. 

Add next digit. 

Divide by 16, store Ql and Q2, test for Zero. 
Readout next byte. 
Multiply Remainder by 10. 

Add 1st digit. 

Set the Quotient and next digit in R3, test for sign. 

Sign is found, set remainder in R5 and set R3 into low 1 

byte of work area. 

Set Rl to 00 and set byte 6 in R2 00 

Add 1st digit to Remainder. ^ 

Set Ql ond next digit in R3, test for sign. 02 

Multiply Remainder by 10. J<A_ 

14" 

Add next digit. _^ 

Divide by 16, store Ql and Q2, test for zero quotients. IB 

Readout next byte. OB 

Multiply Remainder by 10. xA 

Add Ist digit. 67 

xS 

Set the Quotient and next digit in R3, test for sign. 76 
Sign is found. Store the remainder and low digit in ' — 

R5 in the First Operand byte 3, store R3 in the low byte 
of the work area. 



00 
+0 
00 
xA 
00 

\ 
01 
xA 
OA 



R4 R5 
5 



First Operand 
Byte 1 Byte 2 Byte 3 



27 8C 

27 8C 





4E I Chart 002 
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Set 8 Bytes in Main 
Storage to 







QA28I 



Readout 1st Operand 
Byte 0, Test Sign 



QA281 



Readout Next Byte of 
1st Operand 




Setup Sign Digit for 
ASCII(1010+ 1011-) 



Setup Sign Digit for 
EBCDIC (1100+ 1101-) 



QA291 



Readout 2nd Operand 
Byte and Set it into a 
Register. (Add One to 
the Number if the Num- 
ber is Minus) . 



QA291 



Shift the Digit One 
Digit to the Left. 



First Time the Sign is 
Set in Low Order Digit 



This Loop Starts at the 
Low Order Byte and 
Continues Until All 
Significant Digits Are 
Shifted. 





Set 1st Operand into a Reg- 
ister (Complement Form) 



QA29 



Readout 2nd Operand 
Byte 



QA291 



Double the 1st Operand, 
Add Carry from 2nd 
Operand to the 1st 
Operand Result 



Bina 


ry 


Add. 


This Step 
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e Value of the 
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Bit Be 


ing Conve 
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y Latch 
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Double the 2nd Operand, 
Add Carry from 1st 
Operand to the 2nd 
Operand Result 



Decimal Add 



QA29I 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Convert to Decimal 


4E 


Rl X2 


B2 D2 


D2 




A Loop Is 8 Times 
Through the Preceding 
Two Steps 



First Operand 



Byte 


Byte 1 


Byte 2 


Byte 3 


00 


00 


11 


61 



Second Operand 





Byte 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


Byte 7 


Zeroed 


00 


00 


00 


00 


00 


00 


00 


00 


Added 


00 


00 


00 


00 


00 


00 


44 


49 


Shifted 


00 


00 


00 


00 


00 


04 


44 


9C 



To Manually Convert the Hexadecimal Number 1 16 1 to Decimal, multiply 
each Digit by 16, then Add the Next Digit to the Product. The Sum is 
Multiplied by 16 and the Next Digit Added, etc. 

Example: 



Set Sign in RX, RY to RZ; 

RX Low to RY Low; RZ Low to RY High; 

RZ High to RX Low; 

RY to RZ, etc. until the Shift of the 

Decimal Number is Completed. 



01 
xl6 

06 

10 

16 

+ 1 — ' 

17 
xl6 
102 
17 
272 
J- 6 




S 1 


278 
xl6 

1668 

278 

4448 





4449 

The Operation in the 2030 is Similar to the Manual Operation. Each Byte 
is Doubled Eight Times. Whenever a Carry Occurs from the ALU During 
the Binary Add, it is Set into a Register and is Decimally Added to Itself. 
Any Carry during a Decimal Add is Added to the Result of the Next Binary 
Add. This Continues until the Binary Number is Converted to a Decimal 
Number. The Decimal Number is then Shifted Left One Digit so the 
Correct Sign can be Stored in the Low Order Digit of the Low Order Byte. 

In the Example at the Right, the Register Numbers are for this Example 
Only. The 2nd Operand has been Set to all Zeros and the 1st Significant 
Byte of the 1st Operand is In Rl. Note: RX is shown In Binary Form while 
RY and the 2nd Operand are shown in Decimal . 
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Binary Add 
Register X 




0001 
0001 


0001 
0001 




0010 
0010 


0010 
0010 




0100 
0100 


0100 
0100 
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1000 
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1000 
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0001 
0001 


0000 
0000 




0010 
0010 


0000 
0000 




0100 
0100 


0000 
0000 




1000 
1000 


0000 
0000 
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Decimal Add 
Register Y 



Storage - 8 Bytes 
2nd Operand 








0000000000000000 



1 0000 0000 





















6 
















1 





1 





1 





2 





2 





4 





4 





8 





8 
1 



1 7 



0000000000000017 



0000 0000 

0000 0000 

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add 

Readout Byte 3 
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0000000000000049 



0010 1100 

End of Add Loop, Not the End of 2nd Operand Loop 
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0000000000004449 



0000 0000 

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add 

Last Byte Read Out was Byte 3 

Sign was Plus, not In ASCII Mode - Set Sign In Rl 

Note: Contents in the Register for the Rest of the Example Gie In Hexadecimal 



Reaister X 



Register Y 



Register Z 



Storoge 
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0000000000004449 
000000000000449C 
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000000000000449C 
000000000004449C 



End of Shift Loop 



CLF 012 RX Convert To Decimal 
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Shift Value of to 31 for 
Single and to 63 for 
Double 



Setup the Amount of the 
Shift and the Address of 
the High-Order Byte to 
be Shifted 



Readout High-Order Byte 
to be Shifted 






Ha-^_^l 




QA3il 


To Program Interrupt 
(invalid Specification) 
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Chart 7 1 
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of the Complete | 


Shift in 
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QA3n 



Setup and Address for Lo- 
cal Storage Work Area 
{Address Depends on 
Single or Double Word) 



QA3I1 



Check to See if Shift Is 
to the Left or Right . Set 
Condition to Indicate on 
Algebraic Shift with a 
Minus Sign. 





Shifts of or 5 to 8 
Enter Work Area Dir( 



Last Four Bits May Be 
in a Hardware Register 



Check for Shift Less 
than 4 Bits. Check to 
See if Last Byte was 
Byte 3 



QA311 



Set Address for Odd 
Register Byte 



QA31 



Shift is Greater Tiion 31 
Bits. Set Overflow Con- 
dition if Sign Minus 



Read Next Byte of the 
Number Being Shifted 



I QA321 j These Bytes Do Not 

' Enter the Work Area 



Check to See if Sign 
Will Change 



Is the Number of Bits 1 
Left to be Shifted Less ] 
than 8 Bits 1 




'Use for Algebraic Shifts. 
I It is Disregarded in Logi- 
|cal Shifts. If the Sign will 
tChange, Set Overflow 
'Condition. 





Set Condition to Tronsfer 
Directly to Work Ar. 



Set Condition to Tiansfe 
Byte Skewed toWorkAr* 



Up to th 


s Time By 


tes 1 
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Shifted. 


Now the 


Number' 


will be L 


eft Shifte 


dO,l,2 


or 3 Bits 
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nto the 1 


General 


Register 


t was 1 


Readout 








Note: All Examples Show a Single Word Shift. 



Shift Left 3 Logical Single 

General Register Start iOOOO 0000 0000 0000 0101 0110 0001 00101 

Work Area OOOO 0000 0000 0000 0101 0110 0001 001(j' 



General Register Finished 



Shift Left 10 Algebraic 
General Register Start 



Work Area 

General Register Finished 



Shift Left 12 Algebraic - 
General Register Start 



Work Area 

General Register Finished 



H 



0015' 



0000 0000 0000 0010 1011 0000 1001 0000 



0000 0000 0000 0001 0110 100 0111 0001 
0000 0001 0110 1000 0111 0001 0000 0000 
0000 0101 1010 0001 1100 0100 0000 0000 



nil nil nil nil looi ooio noi ion 



.r 



!nii 1001 0010 noi ion 0000 oooo oooo 
*nii 1001 0010 1101 1011 oooo oooo OOOO' 



Shift Right 3 Logical Single 

General Register Start OOOO OOOO OOOO OOOO 0101 0110 0001 0010 

Work Area OOOO 0000 0000 OOOO 0000 0101 0110 0001 

OC 



General Register Finished 



Shift Right 12 Algebrai( 
General Register Start 



Work Area 

General Register Finished 



Shift Right 5 Logical Single 
General Register Start 
Work Area 

General Register Finished 



6000 OOOO OOOO OOOO OOOO 1010 1100 0010 



)iii nil nil nil looi ooio iioi ion 

I I , 

nil nil nil iin nn mi im looi 

!in nil nil nn nn nn nn looi 



I 1 

oooo oooo o ooo 1001 1110 000 1 1010 1001 
oooo oooo oooo oooo oooo 1001 1110 000] 

oooo oooo oooo oooo 0100 nil oooo noi 



Op Format 


Byte 1 


Byte 2 1 Byte 3 


Byte 4 


Right Single Log. 
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RlB 52 102 


D2 


Left Single Log. 
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Rl H B2]d2 


D2 


Right Single Alg . 


8 A 


R1 H B2|D2 


D2 


Left Single Alg. 


8 B 


Rl H B2ID2 


D2 


Right Double Log. 


8 C 


Rl 9 B2!d2 


D2 


Left Double Log 


8 D 


Rl H B2|D2 


D2 


Right Double Alg 


8 E 


R 1 H B2 1 D2 


02 


Left Double Alg 


8 F 


Rl ^ B2JD2 


02 



Obj, 



Shifts - To Obtain a Binary Value of the Second 
Operand Effective Address Low Order Six 
Bits. Example - 

00 1011^ n. Then shift the First Operand 
Either Left or Right that Amount. If the Shift 
is Algebraic, the Condition Code is Set. 



Tronsfer to Work Area Direct. 

Shift of 3 is Accomplished by 

Adding the Byte to Itself. 

Three Times and Remembering Carries. 



Transfer to Work Area Direct but 
Shift 8 Bits. 

Add on 1 Byte of Zeros . 
Tronsfer Bock to General 
Register, Shifted 2 Bits. 



Transfer to Work Area Skewed Shifted 

12 Bits. 

Add Low-Order Zeros. 

Reqisfer Direct. 



These Four Bits ore held in a Hardware 

Register after First Shift. 

Transfer to Work Area Skewed. 

Low 4 Bits Shifted Out. 

Add High-Order Zeros. 

Transfer Back to General Register, 

Shifted 1 Bit. 



n 

These Four Bits are held in a Hardwore 

Register. 

Transfer to Work Area Skiewed. 

Shift 12 Bits. 

Add High-Order Ones. 



This Byte held in a Hardware Register. 
Transfer to Work Area Direct but Shifted 
8 Bits. Add High-Order Zeros. 
Tronsfer Back to General Register . Shift 
Left 3 Bits. Three Low-Order Bits are 
Determined by Byte in Hardware Register. 




QA451 



Store Byte 2 of the In- 
struction at the First 
Operand Address 




QA451 



Compare Selected Byte 
to Mask Byte 



Yes 



Readout Condition Code, 
Set to Code and Store 




QA451 
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Readout Condition Code, 
Set to Code 3 



QA451 



Readout Condition Code, 
Set to Code 1 



QA451 



Return to l-Cycles 



Chart 002 
Test and Set 



I QAOOl" 
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Readout Byte at Effective 
Address 



OA451 
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Test High Byte for 
a 1, then Set Entire 
Bvte to Ones 



QA451 
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Readout Condition Code, 
Set to Code 



Op Format 


Byte I 


Byte 2 


Byte 3 


Byte 4 


SI Test and Set 


91 


12 


BliDl 
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Dl 


SI Test Under Mask 


92 


12 


BllDl 
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Dl 


SI Move Character 


93 
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bi|di 


Dl 



QA421 



Readout Condition Code, 
Set to Code 1 



QA421 



Return to l-Cycles 



n 
o 

Ql 
<D 



QAOOI 
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Chart 



Objective: 
Test and Set 

Test Under Mask 



Move Character 



Invalid Specification 
Program Interrupt 




QA461 



QA879 



Chart 7 



Yes 



Setup Address of 
Next Register 



QA461 



Store Byte Read 

from Main Storage into 

General Register 



QA461 



Write Byte Back into 
General Register 



QA461 



QA462 



Readout A/tain Storage 
Byte 



Readout Main Storage 
Byte 



QA461 



QA461 
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Store Byte Read from 
Main Storage into 
General Register 



Write Information Back 
into Main Storage 



Replace Main Storage 
Byte with the Byte 
from General Register 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Store Multiple 


90 


RliR3 
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B2Id2 


D2 


Load Multiple 


98 


R1IR3 


B2ID2 

1 


D2 



Objective: 
Store Multiple 



Load Multiple 



The information in the general register starting 
with the register specified by Rl and ending with 
the register specified by R3 is stored at the 
locations designated by the effective second 
operand address. 

The information at the effective second operand 
address is loaded into general register starting with 
the one specified by Rl and ending with the one 
specified by R3 . 




QA461 



Setup Address of 
Next Register 



Yes 



QA461 



Readout A/\ain Storage, 
Replace Byte with the 
Byte from the General 
Register 



QA461 



Return to l-Cycles 



QAOOl 



Test the high-order bit of the byte at the 
effective address and set condition code. 

The byte of immediate data, 12, is used as 
a eight-bit mask. The bits of the mask ate made 
to correspond one for one with the bits of the 
byte in storage specified by the first operand 
effective address . 

The second operand, one eight-bit byte, is 

placed at the effective address of the first operand. 



A 
Chart 1 



Op Format 
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Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 
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D2 


SSOR 
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Dl 


B2ID2 
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Objective: 



And 



- The logical answer (AND) of the bits of the 
first and second operand is placed in the first 
operand location. 



Compare Logical -The first operand is compared with the second 
operand, and the result is indicated in the 
condition code . 

OR -The logical sum (OR) of the bits of the first and 

second operand is placed in the first operand 
location . 

Exclusive OR -The modulo - two sum (exclusive OR) of the bits 

of the first and second operand is placed in the 
first operand location . 



Chart 002 
A___ 



AND 



Compare 
Logical 



Exclusive OR 




QA761 



Readout Source Byte 



QA771 



Readout Destination 
Byte 



00 



QA771 



AND Source Byte with 
Destination Byte 




10 QA771 



OR Source Byte with 
Destination Byte 



QA771 



Compare Source Byte with 
Destination Byte by Com- 
plement Addition and Test- 
ing for Zero answer 



QA431 



Readout Condition Code 



QA42 



Setup Correct Condition 
Code and Store 



I Qa4 2^ 



Return to l-Cycles 



QAOOl 



QA771 



Exclusive OR Source Byte 
with Destination Byte 



QA771 



Replace the Destination 
^te with the Results 



QA771 




Yes 



OA771 



Readout Condition Code 



QA421 



Setup Correct Condition 
Code and Store 



QA421 



Return to l-Cycles 



QAOOl 



A 
Chart 1 



Chart 1 



Chart 002 



Move Numeric 



Move Zone 



Numeric 



Numeric Bits Combined 
with Zone Bits 







1 


QA771 


Combine Low 4 Bits of the 


Sou 


•ce Byte 


A/ith the 


High 


4 B 


ts of the 


Destinat 


Ion 


Byte and Sto 


e in the 


Desti- 


not 


on Area 







QA761 



Readout Source Byte, Store 
into a Hardware Register 



QA771 



Readout Destination Byte 



QA771 




QA771 



Transfer Complete 
Source Byte to Destina- 
tion Area 



Zone 



QA771 



c 


ombine High 4 Bits of 




Source By 


e with the Low 


4 


BI 


ts of the 


Destination By 


te 


or 


d Store 


'n the Destlnof 


on 


A 


ea 










QA771 


Return to l-Cycles 
IC Restore 




QAOOl 


Che 


rt 1 



Readout to Source Byte, 
Store in a Hardware 
Register 



Zone Bits Combined with 
Numeric Bits 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Move Numeric 


Dl 


L 


1 
BllDl 


Dl 


1 
B2ID2 


D2 


SS Move 


D2 


L 


bi[di 


Dl 


B2lD2 

1 


D2 


SS Move Zones 


D3 


L 


Bl'Dl 
1 


Dl 


B2Jd2 


D2 



Objectives: 



Move Numeric 



Move Zones 



The low-order four bits of each byte in the 
second operand field are placed in the low- 
order bit positions of the corresponding bytes 
in the first operand field. Movement is 
storage to storage, left to right. 

The second operand is placed in the first 
operand location. Movement is storage to 
storage, left to right. 

The high-order four bits of each byte in the 
second opeand field are placed in the high- 
order four bit postions of the corresponding 
bytes in the first operand field. Movement 
Is storage to storage, left to right. 



CLF 015 SS Multiple Codes 




Translate Table Base Address 
EBCDIC for J 
Add Base and J 
Byte at lODl 
Replace J with J 



=- 1000 
= DI 
= jODl 
- J 



Readout Destinatic 
Byte 



QA781 



Add Destination Byte 
to Translate Table 
Base Address 



Setup Function Byte 
Address (Translate Table) 



Readout Function Byte 
and Test for Valid 
Translate Address 



Readout Condition Code 



QA781 



Set Condition Code 
to Code and Store 



QA781 



Return to l-Cycles 
(IC Restore) 



QAOOl 



n 

J— 

-n 
O 






Q 

Q. 





Setup Address for 
Low-Order Byte of 
General Register 1 



QA781 



Replace the Destination 
Byte with the Function 
Byte from the Table 



Replace the Destination 
Byte with the Function 
Byte fronn the Table 



QA781 



Store F 


jnction 


Byte 


as Byte 


3of G 


eneral 


Registe 


2 





Readout Next 
Destination Byte 



QA781 



Store Main Storage 
Address of the 
Destination Byte whose 
Table Character is 
Non-zero in General 
Register 1 



QA781 




Readout Condition Code, 
Set to Code 2 and Store 



QA781 



Readout Condition Code 
Set to Code 1 and Store 



QA78I 



Return to l-Cycles 
(IC Restore) 



QAOOl 



Translate 

Assume a stream of 20 chorocters comes into location 2100 in EBCDIC. Translate to ASCII. 
Assume: 



Reg 12 
Reg 15 
Loc 2100 - 2113 (before) 

The instruction is; 

Op Code L 



00 00 20 00 
00 00 10 00 
JOHN JONES 257 W. 95 



TR 



13 



100 



>a 



Loc 2100 - 2113 (after) JOHN JONES 257 W. 95 

where the overbar means the some graphic in ASCII 
Condition code: unchanged 

Translate Table 

0123456789 AB 



lOOX 
lOlX 
102X 
103X 
I04X 
105X 
106X 
107X 
108X 
109X 
lOAX 
lOBX 
lOCX 
lODX 
lOEX 
lOFX 
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k 
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— 
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— 
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A 


B 


C 


D 


E 


F 


G 


H 


1 
















J 


K 


L 


M 


N 


O 


P 


Q 


R 



















r 


T 


U 


V 


w 


X 


Y 


Z 














1 


2 


3 


4 


5 


6 


7 


8 


9 















Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Translate 


DC 


L 


B1]D1 


01 


B2|D2 


D2 


SS Translate and Test 


DD 


L 


bi|di 

1 


Dl 


B2JD2 
1 


D2 



Objective: 

Translate - The eight-bit bytes of the first operand are used as argu- 
ments to reference the list designated by the second op- 
erand address. Each eight-bit function byte selected 
from the list replaces the corresponding argument In the 
first operand . 

Translate and Test - The eight-bit bytes of the first operand ore used 
as arguments to reference the list designated by the 
second operand address. Each eight-bit function byte 
thus selected from the list is used to determine the con- 
tinuation of the operation. When the function byte is 
a zero, the operation proceeds by fetching and trans- 
lating the next argument byte. When the function byte 
Is nonzero, the operation is completed by Inserting the 
related argument" address in general register 1, and by 
Inserting the function byte In general register 2. The 
first operand is not changed. 



Translate and Test 



Assume that an assembly-language statement, located at 3000 - 3016, is to be scanned 
for various punctuation marks. A translate and test table is constructed with zeros in all 
positions except where punctuation marks ore assigned. 



Assume : 

Reg 1 (before) 

Reg 2 (before) 

Reg 12 

Reg 15 

Loc 3000-3016 

The instruction is 

Op Code 



00 00 00 00 
00 00 00 00 
00 00 30 00 
00 00 20 00 
UNPK PROUT ('9), WORD(5) 



EBCDIC for ( is4D. 



D2 



TRT 



16 



1 



Reg 1 (after) • 00 00 30 OB 

Reg 2 (after) 00 00 00 20 

Condition code = 1; scan not completed. 

Translate and Test Table 

123456 789 

200X 

201X 

202X 

203X 

204X 

205X 

206X 

207X 

208X 

209X 

20AX 

20BX 

20CX 

20DX 

20EX 

20FX 

Note:- 

If all possible combinations of eight bits (i.e,, 256 combinations) cannot oppec' in the 

statement being scanned, then a table less than 256 bytes con be used. 




































































































































































































































10 


15 


20 


25 






































30 


35 


40 


45 






































50 


55 












































60 


65 


70 


75 
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Op Format 


Byte 1 


Byte 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Edit 


DE 


L 


81 1d1 


Dl 


B2JD2 

1 


D2 


SS Edit and Mark 


DF 


L 


Bl 1d1 

1 


Dl 


B2ID2 


D2 



First Pattern Character 
Will Be Used as a Fill 
Character 



Objective: 

Edit - The format of the source (second operand) is changed from 
packed to zoned and is edited under control of the pattern 
(first operand). The edited result replaces the pattern. 

Edit and Mark - Same as edit, also the address of the first signi- 
ficant result digit is recorded in general register 1. 



QB15I 




Leave Pattern Byte 
OS is. Increment 
Pattern Address 







QB15I 



Address Last Pattern Byte 



QB151 



Go to Program Interiupt 



QA879 



QBI61 




Chart 7 




Edit and Mark 



QB161 




QB161 



Store Source Digit 
Plus Proper Zone at 
Pattern Address 
Test for Zero 



Edit 



Store Source Digit 
Plus Proper Zone at 
Pattern Address 



QB161 



Store Source Digit 
Plus Proper Zone at 
Pattern Address Test 
for Zero 



QB161 



QB161 



Set Significance 
Status On 



Set Singificance 
Status On 



QB161 



Store Address of Pat- 
tern Byte Just Used in 
General Register 
Number One 




No 






QB161 


Store Fill Chaiactei 
at Pattern Address 



QB161 



Store Digit with 
Proper Zone at 
Pattern Address 




Tuin on Significance 

Status 




Plus 



QB161 



Increment Pattern 
Address, Reset 
Significance Status 




Minus 



QB161 



Increment Pattern 
Address. Prepare 
for New Source 
Reodout 



GB161 



QBi51 



Increment Pattern 
Address 



GB161 



Prepare for Nev, 

Source Readout 



QB15I 



Readout Pattern 
Character 




Leave Pattern 
Charactei as Is 







QB031 



Set Condition Code 
to l-Cycles 



QAOOl 



Chart 



- Result Field Zero 

1 ' Result Field Less Than Zero 

2 - Result Field Greater than Zero 



CLF 017 SS Edit, Edit and Mark 



Edit, and Edit and Mark 

The format of the source (second operand) is changed from packed to zoned and is edited under control of the 
pattern (first operand). The edited result replaces the pattern. 

The Edit and Mark also performs the operation of storing the byte address of the first significant digit. 
The address is not inserted when significance is forced by the significance start character of the pattern. 

pattern field 

source field 

1. Read out pattern character. Retain as fill 
character and store back Into pattern field. 



2. 



4. 



5. 



b 


d 


d 


/ 


d 


d 


( 


• 


d 


d 


b 


C 


R 


2 


5 7 


4 2 


6 + 





















Pattern Character b 



Read out next pattern character. Decoded as 
digit select. Read out source byte. High 
digit significance status is still off, store 
fill character In pattern field. 



b b 



3. Read out next pattern character. Decoded as 
digit select. Low source digit significant. 
Insert proper zone and store at pattern digit 
location . 
Turn on significance status. 



Pattern Character d 
Source Byte 2 



Pattern Character d 



Edit and Mark operation would store the address of this significant 
digit Into General register number one. 



b 


b 


Zone 2 



Read out next pattern character. Decoded as 
non control character, leave as is because 
significance status on. 



Pattern character. 



b 


b 


Zone 2 


/ 



Read out next pattern character. Decoded as 
digit select. Read out source byte, store high 
source digit with proper zone at pattern digit 
location . 



Pattern character d 
Source Byte 5 7 



b 


b 


Zone 2 


1 


Zone 5 



6. Read out next pattern character. Decoded as 
digit select. Use low source digit of last 
source byte. Insert proper zone and store 
at pattern digit location. 



7. 



Pattern Character d 



b 


d 


Zone 2 


/ 


Zone 5 


Zone 7 



Read out next pattern character. Decoded as 
significance start. Significance start status 
is on already, this character performs like the 
digit select. Read out next source byte. 
Store high source digit with proper zone, at 
pattern digit location. 



Pattern Character ( 
Source Byte 4 2 



b 


b 


Zone 2 


/ 


Zone 5 


Zone 7 


Zone 4 



Read out next pattern character. Decode as non 
control type. Leave as Is. Read out next 
pattern character, digit select, store low source 
digit with zone at pattern digit location. 



b 


b 


Zone 2, 


/ 


Zone 5 


Zone 7 


Zone 4 


. 


Zone 2 



9. Read out next pattern character, digit select. Read out source byte. This byte contains plus sign, turn off significance status. 
If sign had been minus, significance status would have been left on. Store high source digit with proper zone at pattern 
digit location. Store fill characters for remainder of field, source byte 6 + 

Edited field replacing 
pattern field 



b 


b 


Zone 2 


/ 


Zone 5 


Zone 7 


Zone 4 


• 


Zone 2 


Zone 6 


b 


b 


b 



Set condition register 

= Result field Is source 

1 = Result field Is less than zero 

2 = Result field is greater than zero 



CLF 018 SS Edit Example 
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r— 
-n 

O 



CO 

en 

Q 
O 
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-a 

Q 

o 

Q 

15 
Q_ 



o 



Chart 002 



Pack, Unpack, and Move with Offset. 
None of These Instructions Check for 
Valid Digits or Signs. 



Op Format 


Byte I 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Move with Offset 


Fl 


1 
LllL2 


1 

Bl IDI 

1 


Dl 


B2 ID2 
1 


02 


SS Pack 


F2 


Li|l2 


Bl |d1 


Dl 


1 

B2 ;d2 


D2 


SS Unpack 


F3 


Li1l2 

p 


Bl IDI 
1 


Dl 


B2 1D2 


D2 



Pack 



Readout Source Byte, 
Cross Digits Readout. 
Store at Destination. 



Objective: 

Move with Offset - To place the second operand to the left of and 

adjacent to the low-order four bits of the first 

operand . 



Pack - 



Unpack 



The format of the second operand is changed from 
zoned to packed, and the result is placed in the 
first operand location. 

The format of the second operand is changed from 
packed to zoned, and the result is placed in the 
first operand location. 




Move with Offset 



Readout Source Byte. 
Cross the Digits Readout. 
Store at Destination. 



QA791 




N° QA791 



Insert EBCDIC Zone into a 
Register for Later Use 



QA791 



Insert ASCII Zone into 
A Register for Later Use 



*4- 



QA79I 



Readout Source Byte. 
Move Low Foul Bits of 
Source Byte to High 
Four Bits of the Low- 
Ordei Destination 
Field Byte . The Low 
Four Bits of the Low- 
Order Destination Field 
Remain Unchanged. 




Load the Low-Ordei 
Four Bits of the 
Source Byte Into the 
High-Order Four Bits 
of a Register . Load 
the High Four Bits of 
the Previous Source 

Into the Low Four 
Bits of this Register. 
Store this Byte at the 
Destination Address. 



Cross H 


"gh-Orde 


Digit 


to Low- 


Order Di 


git of 


a Register Add Pi 


oper 


Zone ar 


d S^oit a 


t Next 


Destina 


Ion Address 



o 



Readout Low Source Byte. 
Cross Digits. Store at 
Destination Low Address. 



(2) Readout Next Two Source Bytes. 
Combine Low Order Digits. 
Store at Next Higher Destination 
Address. 

(T) Readout Next Two Source Bytes. 
Combine Low Order Digits. Store 
at Next Higher Destination Address. 

(4) Source Field Has Ended. Supply 
Zero's for Destination Field Until 
It Ends. 



( 1 ) Readout Low-Order Source Byte. 
Cross and Store at Low Order 
Destination Address. 

(2) Readout Next Source Byte. Combine 
Low-Order Digit with Proper Zone. 
Store at Destination. Cross High-Order 
Digit into Low Order of a Register. 
Read Register Out. Insert Proper Zone 
Store at Destination . 



Pack Instruction 
Source Field 
Destination Field 



Zone 7 



Zone 8 







Zone 2 



0- 







Sign 3 







Sign 3 
o Sign 

Zone 2 Zone 6 

\ I 

2 6 



Zone 7. Zone 8 

\ \ 

7 8 



3 Sign 



I 2 6 |3 Sign 



\ 7 8 I 2 6 [3 Sign 
I 7 8 I 2 6 |3 Sign 



Unpack Instruction 
Source Field 



Destination Field \ 



6 4 



9 2 



5 Sign 







5 Sign 
Sign 5 




Zone 9 



























Signs i 






















|Zone 2 


Sign 5 1 




° 











° 





Zone 9 Zone 2 


Sign 5 1 



(3) Repeat Step 2. 



one 4^^N^ 



6 ^ 

Zo 



Zone 6"* 



(4) Source Ended, Supply Zero Digits with 
Proper Zones until Destination Ends. 



1 





Zone 4 Zone 


9 


Zone 2 


Sign 5 I 




1 


Zone 6 


Zone 4 Zone 


9 


Zone 2 


Signs I 




1 Zone 


Zone 6 


1 Zone 4|Zone 


9 


Zone 2 


Sign S 1 



Move with Offset 



The Source Field Is Moved to the Destination 
Field to the Left of the Low-Order Four Bits 
of the Destination. If the Destination Field 
Ends Before the Source Field, the Remaining 
Source Digits are Ignored. 



Source Field 
Destination Field 

Destinotlon Field 



3 2 ,3 4 5 .7 



7/5/4 /6/ign 



^ 



3 2 3 4 5 7 Sign 



Chart 002 







For Zero and Add Force 
the Destination Byte to 
Appear as Zero. 



es QBOll 



Signs are tested for 
plus or minus and status 
bits are set to be used ir 
the compute loops 



Goto program interrupt 




Signs are Also Tested for 
ASCII or EBCDIC Mode 
and Status Bits Set to 
Indicate This. 



Yes QBOOl 



QA879 



Decimal add the 2 low 
order digits 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Zero and Add 


F8 


L1|L2 


Bl IDl 
1 


Dl 


B2|D2 


D2 


SS Compare Decimal 


F9 


L1Il2 


biIdi 


Dl 


B2|D2 


D2 


SS Add Decimal 


FA 


L1Il2 


Bl JDl 


Dl 


B2|D2 


02 


SS Subtract Decimal 


FB 


LliL2 


B 1 1 D 1 


Dl 


B2|D2 


D2 



QBOll 



Store result of decimal 
add. Insert proper sigr 
Do not store results if 
compare operation. 



Objective: 

Zero and Add - The second operand is placed In the first operand 

location. The operation is equivalent to addition 

to ze ro . 



Compare 



The first operand is compared with the second and the 
condition code indicates the comparison result. Com- 
parison Is right to left. 

The second operand is added to the first operand, and 
the sum is placed In the first operand location. 

The second operand Is subtracted from the first operand, 
and the difference Is placed in the first operand location. 




Invert Sign Indicator 



Set Condition Register 



No QB031 



Take Decimal Ove 
flow Trap 





Chart 



CLF 020 SS Decimal-Add, Subtract, Compare, and Zero Add 



DECIMAL ADD, SUBTRACT EXAMPLE 



Sign analysis is done first and will indicate if the operands will be true or complement added. 

Eight conditions may occur as shown in the following table: 

Operation First Operand Sign Second Operand Sign 

Add Plus Plus 

Add Minus Plus 

Add Minus Minus 

Add Plus Minus 

Subtract Plus Plus 

Subtract Minus Plus 

Subtract Minus Minus 

Subtract Plus Minus 

After sign analysis, the operation for both add and subtract are the same. 

Decimal Add 

1st Operand = Destination field 
2nd Operand = Source field 

1. Read out low source byte. 

2. Read out low destination byte. 

3. Decimal add the digits. 

Complement add indicated. 



True or Complement 
True 

Complement 
True 

Complement 
Complement 
True 

Complement 
True 



4 6 + 
13 4- 



4 - 

6 + 



Insert Destination Sign. 

4. Read out source digits. 
Read out destination digits. 

Complement add . 

5. Destination field ended. 

There was no carry from high-order 
significant addition, indicating 
recomplementing will be necessary. 

6. Read out source digits. 

Complement add to zero. 
9's must result or overflow 
will be indicated. 

7. Source field ended, recomplement 
answer and change sign. 



@5 9's complement of 4 
^^^^ 1 Insert carry 
Carry v£/^*2 Converts 9's complement to lO's complement 

Intermediate sum = 2 + 
1 Carry from previous cycle 
04 
@86 9's complement of destination byte. 
NC TT 

Intermediate sum 9 12 + 



00 

@99 
99 



Intermediate sum 9 9 9 1 2 + 
Result stored in destination field 8 8 



Cases when the source field is longer than the destination and a complement addition is being performed. 

1. Destination ends and no carry results from last addition; all further adds must produce 
9's or an overflow results. 

2. Destination ends, with a carry resulting from last addition: 

The answer produced so far is zero and all further adds must produce zeros. 
The answer produced so far is not zero; examine carry from the addition following the one in 
which the destination ended. If there was a carry, the result just produced must be zero; 
if there was no carry, the result just produced must be 9's. In either case, all further 
cycles must produce the same result as the first. 

When doing a true add, all cycles after the destination field ends must produce zeros. 

Overflow when doing a complement add causes a recomplement, then a branch to overflow case when setting condition register 

Overflow when doing a true add forces overflow when setting condition register. 

Condition Code 

= Result is zero 

1 = Result less than zero 

2 = Result greater than zero 

3 = Overflow 



CLF 021 SS Decimal-Add, Subtract Example 



SS Multiply Decimal 


FC 


L1!L2 
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B1|D1 


Dl 


B2ID2 


D2 



Cliart 002 



The Product of the Multiplier and the 

Multiplicand Replaces the Multiplicand (1st Operand). 

The Multiplier Size is Limited to IS Digits and Sign. 

The Multiplicand Must Have High-Order Zero Bytes. 

Equal to or Greater than the Number of Bytes in 

the Multiplier Field. 

The Maximum Product Size is 31 Digits. At Least 

One High-Order Digit of the Product Field is Zero. 



OBOOl 



Readout Lov/-Order 
Byte of Both Operands 




QBOOl 



Readout Length Fields 



Go to Progron 
Interrupt 



QA879 



QB061 



Specification Check 
Program Interrupt 




Chart 7 



QB061 



Specification Check 
Program Interrupt 



QA879 



QA879 



Chart 7 



QB061 



Chart 7 



Store a Copy of the 
Multiplier, with Sign 
Removed, in Local 
Storage. Store a Copy 
Skewed Right One Digit 
in Local Storage . 



QB071 



Readout Multipllcond 
to Check for High-Order 
Bytes of O's Equal or 
Greater than Multiplier 
Field Length 




Shift Multiplicand Left 
Until Significant Byte 
Is at High-Order Loca- 
tion . Provide Zero's 
for Vacated Low-Order 
Bytes 



QBl 



Readout Multiplicand 
Digits 



QBll ] 



Restore Multiplicand 
Address to Low Order 



The First Compute Cycle 
will be a Straight Add or 
Subtract, the Next may 
be a Skewed Add or Sub- 
tract 



The Lov/-Order Digit of 
the Multiplicand Is Test- 
ed; True Add If Under 5 
Subract If Over 4 




Refer to multiply example 
for multiply loop . 



QB091 



Readout Multiplier and 
Multiplicand Digits, 
Decimal Add. Carry 
from High Aligned 
Digits Lost . 



._! 



9,0 will be Ploced as 
the High Order Byte of 
the Multiplier and Added 
with the Multiplicand 
when doing a Straight 
Add or Subtract. 
0,9 will be Placed as 
the High -Order Byte 
when doing a Skewed 
Operation . 



QBll 1 



End Operation go to 
l-Cycles 



QAOOl 



Chart 1 



The Product Digit, in 
Alignment with the Mul- 
tiplicand Digit that was 
Tested, is now Tested 
During the Compute Loop. 
If it becomes while do- 
ing a Straight or Skewed 
True Add, the Compute 
for that Digit is Finished. 
The Next Digit is Now 
Tested. The Product 
Digit is Tested for 9 if 
doing a Straight or Skewed 
Complement Add. 




Test Next Higher Multi- 
plicand Digit, Switch 
Cycles from Straight to 
Skewed or Skewed to 
Straight. 



QB91 



Continue Reading Out 
Digits and Performing 
Decimal Addition Until 
All Multiplicand Digits 
have been Tested and 
Operated On . 



QB121 



Do Special Skewed 
Add Back if Needed 



Exceptions ore; if the 
Digit Tested Goes to 
and the Next Digit to be 
Tested is Already 0, 
Skip the Next Cycle. 
If the Digit Tested Goes 
to 9 and the Next Digit 
to be Tested is 9, Skip 
the Next Cycle. If the 
Operation ends with S0=1, 
the Skewed Multiplier 
without 0, 9 as the 
High-Order Byte is 
Added to the High Par- 
tial Product. 



QB131 



Insert Product Sign 



QB131 



End Operation go to 
I Cycles 



QAOOl 



V 

Chart 



CLF 022 SS Decimal Multiply 



Decimal Multiply 

The product of the multiplier (second operand) and the multiplicand (first operand) replaces the multiplicand. 
The multiplicand must have high-order zero digits for at least a field size equal to the multiplier field. 



multiplicand 
multiplier 



0000724 + 
3 4 6 + 



1. Make 2 copies of the multiplier, with sign stripped out, into local storage. One copy straight and one copy skewed right 

straight copy of multiplier 3 4 6 

skewed copy of multiplier 3 4 6 

2. Test for enought zeros in multiplicand field. 

3. Move the most significant byte and following byes of the multiplicand to the high-order byte of the multiplicand. 
Supply zeros for vacated bytes, sign Is stripped out. 

0000 7 24 + 



72400000 

4. Start compute loop. First cycle will be a straight cycle. The first low significant digit of the multiplicand 
is tested. If over 4, a straight subtract will be done. If under 5, a straight true add will be done. 



The 90 byte supplied by 

microprogram. 

The high 2 digits do not j 

participate this cycle and > 

are not affected by carries. \ 



> — Test digit to determine operation straight add 
72400000 
+ 9 3 4 6 



'7 2 3_0 3 4 6 



this digit tested for 0, keep 



^ 9 Q 3 ^ <^ Q ^adding until reached 

72206920 

9 3 4 6 



+ 



+ 



7 2 110 3 8 
9 3 4 6 



7 2 13 8 4 

^ Reached 0, switch cycles. 

5. Cycle now will be a skewed cycle, test digit to y Test digit, under 5, operation add. 

determine add or subtract 7 2 13 8 4 

9 supplied by ^,,_^^ + 9 3 4 6 

microprogram ^^^----__ 7 1^.0J_J_A-i_2_ digit tested for 0, keep 

adding . 



"+~^0 9 3 4 6 



7 0^0 8 3 4 digit 0, switch cycles. 



6. Cycle now will be a straight cycle, test digit to ^ 



determine add or subtract 



Test digit over 4, subtract cycles to 



70083040 betaken. Set subtract status. 
-903460 



7 , 9737040 
- 903460 

8 9 3 9 10 4 
-903460 



Test this digit for 9, continue 
subtracting . 



7. Operation stopped with subtract status on; the 
skewed multiplier must be added to partial 
product to obtain correct product. 



Insert sign and end operation 

Product located in first operand location. 



99045040 
^< digit reached 9, stop operation. 



99045040 
3 4 6 



02505040 


2 


5 


5 


4 + 



sign Inserted, final produtt 



CLF 023 SS Decimal-Multiply Example 



Chart 0021 FD 



QBOOl 



Decimal Divide 

The dividend (first operand) is divided by the 
divisor (second operand) and replaced by the quo- 
tient and remainder. 

The quotient field is placed in the left portion 
of the dividend field. The remainder is the same 
size as the divisor and occupies the low-order bytes 
of the dividend field. 

The sign of the quotient is determined by the 
rules of algebra from the dividend and divisor sign. 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


Byte 5 


Byte 6 


SS Divide Decimal 


FD 


L1IL2 

1 


BllDl 

1 


Dl 


B2ID2 

L 


D2 



Yes 



QB061 



Specification Check. 
Go to Program Interrupt 



QA879 



V 

Chart 7 



Refer to Decimal 
Divide Example 
for Divide Loop 



The Microprogram will 
Supply a 9, Byte as 
the High Order Byte of 
the Divisor for Straight 
Cycles and a 0, 9 Byte 
for the High Order when 
Doing Skewed Cycles. 




Readout Low-Order Byte 
of Both Operands 




QA879 



Yes QB06] 



Readout Length Fields 



Chart 7 



QB061 




Yes 



QB061 



Specification Check. 
Go to Program interrupt 



QA879 



Chart 7 



Store 2 Copies of the 
Divisor Into Local Storage. 
One Copy as Is with Sign 
Stripped out. One Copy 
Skewed Right. One Digit 
with Sign Stripped Out. 



QB091 



Do a Trial Subtract to 
Determine If the Quo- 
tient and Remainder can 
be Contained In the 
Dividend Field 




No 



Use the Result of the 
Trial Subtract as the 
Operand for First Com- 
pute. The first Compute 
will be a Straight Addi- 
tion . 



QB091 



Add Back Divisor to 
Restore Dividend 



QB121 



Signal Divide Check. 
Go to Program Interrupt 



QB091 



The Divisor, with 9, 
as the High-Order Byte, 
Is Aligned with the High- 
Order Dividend Digits 
for the First Compute. 



QA879 



Chart 7 



QB091 



Start Straight Addition. 
The Low-Order Digit of 
the High-Order Byte of 
the Intermediate Quo- 
tient is Tested . 



No 



QB091 



Continue Addition 
Loop until Test Digit 
Becomes 



Yes 



Switch to a Skewed Sub- 
tract Cycle. Test Next 
Digit for a 9. The Di- 
visor is Shifted Right One 
Digit for Each Cycle 
Switch 



QB131 



Insert Quotient and Re- 
mainder Signs. Quotient 
and Remainder Now Oc- 
cupy Dividend Field 



QBlSi 



Yes 



QB131 



Switch to Straight 
Add Cycle. Test 
for Next Digit - 





Continue Skewed Sub- 
tract of Divisor from 
Dividend 



End Operation. Go to 
I Cycles 



QAOOl 



Chart 1 



CLF 024 SS Decimal-Divide 



Decimal Divide 

The dividend (first operand) is divded by the divisor (second operand) and replaced by the quotient and remainder 



Dividend equal 
Divisor equals 

1. Copy divisor into local storage, with sign stripped out, 
in slioight form and skewed right one digit. 



Setup data for trial subtract using skewed divisor. 
A carry out of the high-order position on the trial 
subtract would indicate a divide check. If divide 
check occurred, the skewed divisor is added back 
to restore dividend and a divide check taken. 

Add straight divisor to operand in working storage 
until indicated digit goes to zero. 



4. Subtract skewed divisor from result until 
Indicated digit goes to nine. 



5. Add straight divisor to result will indicated 
digit goes to zero. 



6. Insert dividend sign into low-order 4 bits. 

Insert quotient sign into low-order quotient 4 bits. 
Quotient and remainder have now replaced dividend 



Dividend 
Skewed divisor 
Operand in storage 



Operand supplied by 
Microprogram- 
Not zero^addagain 



Stop straight add, 
digit now zero 

This digit does not 
participate . 



This digit supplied — 
by Microprogram to 
skewed divisor . 

This digit not 9, 
subtract again. 



Stop skewed subtract 
digit = 97 



These digits do not 
participate 
This digit not 
zero, add again 7 



Stop, this digit 
now zero.- 



12 3 5 6 8 + 
8 5 2 + 



8 5 2 straight 

8 5 2 skewed 

12 3 5 6 8 + 

- 8 5 2 

9 2 7 15 6 8 



9 2 7 15 6 8 
^9~^ 8 5 2 



4/3) 5 


6 
5 


7 
2 


6 



8 





9 8 




7 4 4 
9 8 


1 
5 


9 
2 


6 



8 





6 5 2 
9 8 


7 
5 


1 
2 


6 



8 





5 6 1 
9 8 


2 

5 


3 
2 


6 



8 





4 6 9 
9 8 


7 
5 


5 
2 


6 



8 





3 7 8 
9 8 


2 

5 


7 
2 


6 



8 





2 8 6 
9 8 


7 

5 


9 
2 


6 



8 





1 9 5 

9 8 


3 
5 


1 
2 


6 




8 






3 8 3 6 8 



-003836 
_^@ 8 5 2 



8 



1 10 9 8 4 


8 





--^0 8 5 2 






12 2 13 2 


8 





9 8 5 2 






13 12 8 


8 





9 8 5 2 






14 4 2 8 


8 





9 8 5 2 







1 4 [9)5 7 6 8 




1 4) 9 5 7 6 8 
9 8 5 2 



■^ — 


+ 
+ 
+ 


1 


4 8J6) 6 2 
9 8 5 2 




1 


4 7 7 4 7 2 
9 8 5 2 




1 


4 6 8 3 2 4 
9 8 5 2 




1 


4 5 9 17 6 
9 8 5 2 



1 4 5 JO 2 8 



Quotient Remainder 



14 5 + 
L1-L2-1-1 



2 8 + 
L2-1 



Ll=3 



CLF 025 SS Decimal-Divide Example 



n 



o 

o 



TO 
TO 

TO 

X 



o 

Q 

o 



Q_ 

< 

ft) 



O 



OP Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RX FP Store Double 


60 


Rl;X2 


B2iD2 


D2 


RX FP Store Single 


70 


Ri;x2 


B2|D2 

1 


D2 



Chart 002 



Floating Point Store RX Format 
Single and Double' Precision . 

Single Precision; the Low Order 
Half of the First Operand 
Register is Ignored . 

Mnemoics 
STD 
STE 




QB371 



Go to Page QA879 Pro- 
gram Interrupt. Invalid 
Register, Set Old PSW 
Bit 31 . Invalid Opera- 
tion Set Old PSW 29 and 
30 



QA879 



Chart 7 



QB371 




OB371 



Read Out First Opeianc 
Choracteiistic Store in 
Second Operand 



QB371 



Increment the Second 
Operand Address 



QB371 




QB371 



Increment the First 
Operand Address. Reac 
Out Fraction Byte from 
First Operand 



QB371 



Store at Second Operand 
Address 



QB371 



Go to Normal I Cycle 
Start 



QAOOl 



A 
Chait 1 



Op Format 


Byte 1 


Byte 2 


RR FP Halve, Double 


24 


R1|R2 


RR FP Halve, Single 


34 


RliR2 



Fioatirig Point Halve RR Format 
Single and Double Precision. 
Single Precision, the Low Order 
Half of the Result Register' 
Remains Unchanged. 

The Second Operand is Divided 
by 2 and the Quotient is 
Placed in the First Operand 
Location. Second Operand Sign 
and Choracteiistic Is Stored 
without Change . 

Mnemonics 
HDR 
HER 




Read Out Second Op- 
erand Characteristic. 
Increment Second Op- 
erand Address 




Store Characteristic 
First Time Through. 
Store halved fraction 
digits thereafter 



QB361 




QB361 



Read Out Fraction Digits. 
Increment First and Sec- 
ond Operand Addresses 



QB361 



QB361 



Set PSW Bit 31. Go to 
Program Interrupt QA879 



QA879 



Chart 7 



QB361 



Go to Normal I Cycle 
Start 



QAOOl 



A 

Chart 



Shift Fraction Digits 
Right 4 Bi ts. Shift 
Fraction Digits Left 3 



Machine Cannot Shift 
I Right One Bit at a Time . 
I This Operation Performs 
[the Shift Right of One Bit, 
I Halving the Fraction 



n 



o 



TO 

•a 
I 

X 



o 

Q 

U* 
CQ 

-o 

O 



c 
"5" 



n 

o 

CL 

n> 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR FP Load, Double 


28 


R|Ir2 


\ 


y 


RR FP Load, Single 


38 


R||r2 


/T^ 


\ 


RX FP Load, Double 


68 


Rllx2 


B2Id2 


02 


RX FP Load, Single 


78 


Rlix2 


B2]D2 


D2 




Load RR and RX Formats 
Single or Double Precision 

Second Operand is Placed In 
First Operand Location. 
In Single Precision the 
Low Half of the Destination 
Operand Remains Unchanged . 



Read Out Source 
Characteristic. Step 
Source Address to 
High Order Source 
Fraction 



OB371 



Store Source 
Characteristic in 
Destination Operand 
Location 



Store Source Digits 
into Destination 
Operand Location 
Step Destination 
Address 






QB371 


Go To 1 Cycle Start 




QAOOl 



A 

Chart 



Load and Test; the Second Operand is 
Placed in the First Operand Location. 
Condition Codes ore Set. 

Load Complement; the Second Operand 
Is Placed in the First Operand Location 
with the Sign Changed. 

Load Positive; the Second Operand 

is Placed in the First Operand Location 

with the Sign Forced Positive. 

Load Negative; the Second Operand 
Is Placed in the First Operand Location 
with the Sign Forced Minus. 



Op Formot 


Byte 1 


Byte 2 


RR FP Load Positive 


20 


ri!r2 


RR FP Load Positive 


30 


RliR2 


RR FP Load Negative 


21 


RliR2 


RR FP Load Negative 


31 


ri;r2 


RR FP Load and Test 


22 


Ri|r2 


RR FP Load and Test 


32 


RliR2 


RR FP Load Complement 


23 


Ri|r2 


RR FP Load Complement 


33 


RiIr2 




Read Out Source 
Characteristic. Set 
Source Address to 
High Order Fraction 
Address 



Load Complement 
OB37I 



Place Source Charac- 
teristic into a Register 
and Invert Sign 



S2 1 
S5 1 



Set Condition Code 2 
Signifies Plus oi High 



Load and Test 



QB371 




Ploce Source Charac- 
teristic into a Register 
and do not Alter 



Load Positive 



CB37I 



Place Source Charac- 
teristic into a Register, 
Force Sign Bit to 



Load Negative 



GB371 



Place Source Charac- 
teristic into a Register, 
Force Sign Bit to 1 



QB37) 



Store Source Charac- 
teristic, as Modified in 
Previous Steps, into 
Destination Operand 



QB371 



Increment Destination 
Address 



QB371 



Read Out Source Digits 
Increment Source 
Operand Address 
Store Source Digits 



QB371 



S2 I 

S5 




S2=0 


- Zero Result 


S2 1 


' Nonzero Result 


S5 


- Sign Minus 


S5- 1 


Sign Plus 



QB351 



Set Condition Code 1 
Signifies Minus or Low 



QB351 



Set Condition Code 
Signifies Zero 



QB35) 



End Opeiation Go tc 
I Cycle Stait 

QAOOl 



^ 



Chart 1 



Chart 002 




Floating Point. 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR Compare - Double 


29 


RllR2 


\ 


/ 


RR Add N - Double 


2A 


R1'R2 


\, 


/ 


RR Subtract N - Double 


2B 


RliR2 


\ 


/ 


RR Add U - Double 


2E 


RliR2 


\ 


/ 


RR Subtract U - Double 


2F 


ri;r2 




1 


RR Compare - Single 


39 


R||R2 




\ 


RR Add N - Single 


3A 


Ri1r2 




\ 


RR Subtract N - Single 


38 


RJJR2 




\ 


RR Add U - Single 


3E 


R1IR2 




\ 


RR Subtract U - Sinqle 


3F 


Rli R2 




\ 


RX Compare - Double 


69 


Rllx2 


B2ID2 


D2 


RX Add N - Double 


6A 


R1JX2 


B2lD2 


D2 


RX Subtract N - Double 


6B 


R2;X2 


B2;Dz 


D2 


RX Add U - Double 


6E 


RUX2 


B2iDz 


D2 


RX Subtract U - Double 


6F 


Rll X2 


B2Id2 


D2 


RX Compare - Single 


79 


Rl| X2 


B2 1 D2 


02 


RX Add N- Single 


7A 


R2] X2 


B2iD2 


D2 


RX Subtract N - Single 


7B 


R2i X2 


B2|D2 


02 


RX Add U - Single 


7E 


R)l X2 


B2ID2 


02 


RX Subtract U - Single 


7F 


R 1 1 X2 


B21d2 


D2 



Readout Characteristics. 
Check Signs. Set Status 
Register to Indicate if Sign 
is Plus or Minus. 



Subtract Characteristics to 
Obtain Difference 




Perform the 
Effective Shift of 
the Smaller Oper- 
and. This will Ali 
Characteristics 



Objective: 
Compare - 



Set Shift Register with 
Number of Bytes. The 
Smaller Operond will be 
Shifted. 



The first operand is compared with the 
second operand, and the condition code 
indicates the result. For single precision, 
the low-order halves of the floating point 
registers are not used. 

The second operand is added to the first 
operand, and the sum is placed in the 
first operand location. For single pre- 
cision, the low-order halves of the floating 
point registers ore not used. 

The second operand is subtracted from the 
first operand, and the difference is placed 
in the first operand location. For single 
precision, the low-order halves of the 
floating point registers are not used. 



QB28I 
QB291 



Setup Registers so 
that the Operand 
to be Shifted will 
be Made Zero 



Compare 



Subtract Fraction 
Digits do not Store 



Add, Subtract 



QB321 



Recomplement Fraction 
Invert Sign 




Compare QB32I 



Invert Sign 



Readout Condition 
Register Set Code 





Subtract Digits. Store 
Result Destination Address 



J=^^ 



The Results for any 
of the Operations 
is Tested for and 
a Status Bit is Set to 
be Branched on Later 
in the Operation 



I L 



QB321 



Add 

Subtract QB321 




Compare 




Test Sign; Set Proper 
Status Bit 



Set Condition Register to 
Indicate if the Result was 
Equal, Low, or High 



Set Overflow Condition 
Code 



QB35I 



Set Characteristic 

to Zero; Go to I- 
Cycle Start 



|Yes 


QB351 


Store Charocte 


istic 


with Sign Plus; 




Go to Program 


In- 


terrupt 





Shift Fraction Left, 
Search for Significant 
Digit, Decrement 
Characteristic 



QB341 



Chart 7 



QB34I 



If Low Half of Byte 
Contains the Digit 
Shift Left 1 Digit 




End Operation; Go 
to l-Cycles 



QB341 



Right Shift, Insert 1 

as the High Order Digit 

for Fraction Overflow 




QB34I 



Set Fraction and 
Characteristic to 
Zero 



QB341 



Set Proper Condition 
Code 



QB35I 



QB351 



Set Condition Register 
to Indicate Result 
Equal , Low or High 




Go to I Cycle Start 



QB321 
06351"= 



Go to Program Interrupt 



End Operation; Go to 
I Cycles 




A 
Chart 1 



F 

:hart 7 



CLF 028 RR-RX Floating Point - Add, Subtract and Compare 



QB271 



QB281 



QB291 



QB301 

or 
QB311 



QB341 



QB351 



Floating Point Normalized Add 



The second operand is added to the first operand, 
end the normalized sum is placed in the first operand 
location , 

Addition consists of characteristic comparison 
and fraction addition. 

Read out characteristics, shift them left one bit 
to determine signs. Sign bit is the high-order bit of 
the characteristic , 

Subtract characteristics to determine characterfic 
difference . 

The difference represents double the number 
of hexadecimal digits that the smaller operand 
will effectively be shifted right. Shifting is 
actually accomplished by changing the address 
of the first fraction byte to be read out. This 
aligns the low-order fraction bytes for addition. 

Determine the new address of the effective low- 
order byte, store the high-order digit of the next 
lower byte to be used as a guard digit. 



Charac- 
teristic Fraction 



— '- — , 


-— » — -^-^ — <. 


7 A 


B 3 8 6 2 




7 8 


4 2 E 5 D C 



First Operand 
Second Operand 



First Operand 7 A shift left F 4 

Second Operand 7 8 shift left F 
Signs Plus 



F 4 
F 



Characteristic difference 



7 8 


4 2 E 5 D C 



Effective low- 
order byte 




Read out low-order fraction bytes and add, 
Store result in low-order 1st operand location. 
Continue addition until fields end. When 
smaller operand field ends, O's are supplied 
until larger ends. 



Partial result characteristic will be characteristic 
of the larger operand. 



High-order partial result digit =0, normalization 
required. Shift left until high-order digit is 
significant, add in guard digit as low-order 
result digit. 

Condition register is set to indicate: 
Code 

= Result fraction is zero 

1 = Result fraction less than zero 

2 = Result fraction greater than zero 

3 = Result exponent overflows 



First Operand 6 2 

Second Operand E 5 

Carry 4 7 

First Operand 3 8 

Second Operand 4 2 

7~B 

First Operand B 

Zeros Supplied 

0~B 



First operand partial result 



7 A 


B 7 B 4 7 



7 A 



B 7 B 4 7 

ZZZZZ>^ 



Guard digit stored 
in local storage 



Guard 
digit 



79 B7B47D 



Characteristic is decremented 
1 for every hexadecimal digit 
shifted left. 



CLF 029 RR-RX Floating Point - Add Example 



Chart 002 



Op Format 
RR Double 



RR Single 



RX Single 



Byte 1 


Byte 2 


Byte 3 


Byte 4 


2C 


R1|R2 


\ 


y 


3C 


Ri|r2 


y 


V 


6C 


Rlix2 


B2 D2 


D2 


7C 


Rllx2 


B2 D2 


D2 



Floating Point Multiply RR, RX Formats 
Mnemonics 

MER 

ME 

MDR 

MD 

The Normalized Product of the 
Multiplier (Second Operand) and 
Multiplicand {First Operand) Replaces 
the Multiplicand 



Gene. 


ate the 


Multiples 


of the 


Multip 


ier 


Froctl 


Dn to be 


Used 


in the 


Product 




Genei 


ation Loop. Store 


into L 


DccI Sto 


■age . 



Compute F 


rst 


Po- 


iai 


Product Us 


ng 


Lo» 


16 


Bits of the 


Mu 


tip 


ier 


and All of 


the 


Mu 


Iti- 


plicand Store 







QA351 
GA541 
GA551 
CA561 



1 




Compute Second Partial 
Product Using High 16 
Bits of the Multiplier 
and all of the Multipli- 
cand. Stoie 






Add 64 to Multiplier 
Characteristic 



Subtract 64 from Multi 
plier Characteristic 



Set Up Count Register 
for Prenormalization 



Read Out Fraction 
Digits, Decrement So 
Count 






^-v 


.^^ QB341 






|Yes QB351 


Set 


Produt 


t Register 


to Zero. 


End Op . 


Go 


to No 


mol 1 Cycle 


Sta 


t 





1 In 


Double Prec 


sion 


Four 


1 Po 


tiol Products 


are 


Gen- 


1 ere 


ted. Stored 


ove 


the 


1 Ml 


Itiplicands i 


T Lo 


:qI 


1 Stc 


rage . 







Set Status Register to 
Indicate Left Shift of 
One Digit Needed 
Decrement Char . by 









QB401 


Store as H 
Byte in Lo 
that is Res 
Prenormal 
Fractions 


gh Order 
col Storage 
erved for 
zed 



Store the Rest of 
Fraction Digits into 
Local Storage 








QB431 


Read Out 
Chaiacte 
128 to it 


Mul 
istic 


tpllcand 
Add 



1 QB431 


Con-put 
by Test 
and Mu 
Signs 


e Produ 
ng Mul 
tiplica 


:t Sign 
iplier 
id 



1 1 Copy 


of Multiplier 




j Fractic 


n is Mode 






1 2 Copi 


es of Mult 


iplic 


and 


1 for Sin 


gle Precis 


on 




1 4 Copi 


es of Mul 


iplic 


and 


] for Do 


jbie Preci 


ion 





Compute Product 
Characteristic, S 
into Local Storag 




Q) 



Set Product Registei 
to Zero 




QB35I 



Go to Progiom Interrupt 



Go to I Cycle Start 



F 
Chart 7 



GAOOl 



Add the Partial Products 
Together Into the Product 




QB441 
QB351 



Insert Sigr Into Product 

Characteristic 

Store Characteristic In 

Product Register 




QB351 


Go to Normol 1 Cycle 
Start 



QB461 
GB471 
QB481 







QB491 




Shift Product Fraction 
Left One Hexidecimal 
digit. Decrement the 
Characteristic 



Go to Program Interi 




Go to Program Interrupt 



CLF 030 RR-RX Floating Point - Multiply 



QB401 
QB4n 



QB431 
QB451 



QB451 



QA521 



Floating Point Multiply, Single Precision 

The two 24-bit fractions are multiplied 
together and form a 56-bit product. The 
product replaces the first operand (multiplicand). 

The product characteristic is the sum of the 
two characteristics minus 64. 

1. Prenormalized the multiplier fraction into 
the work area of storage . 

2. Make two prenormalized copies of the 

multiplicand Into the work area of storage. 

3. Compute product sign, store it until 
product is computed. 

4. Compute product characteristic, test for 
underflow. Store into local storage until 
product is computed. 



5. Load 16 bits of the multiplier into hardware 
registers. The first time through this 
preparation step, only 8 multiplier bits are 
loaded. Zeros are loaded into the other 
hardware register. Second time through, the 
next 16 multiplier bits are loaded into 
hardware registers. 

6. Generate multiples of the multiplier to 

be used in the compute loop. Store multiples 
into working storage and hardware registers. 

Two separate multiply loops will be done, 
each using 16 bits of the multiplier and 
all bits of the multiplicand. 

Each multiply loop will produce a 40- 
bit partial product, the partial products 
are stored over the copies of the multiplicand. 

7. Decode and operate on the multiplicand, one 
digit at a time. Decoding the multiplicand 
digits sets up branching conditions in the 
microprogram, which will cause the correct 
combinations of multiples to be added or 
subtracted to form a partial product. 

8. After a digit is decoded and operated on, 
the low digit in the product accumulator 
is stored as a digit in the partial product 
location. Each multiplicand digit decoded, 
and operated on, produces one partial product 
digit. 

9. Multiply loop continues until two partial 
products ore produced. 

Align the two partial products and add 
to produce a 56-bit product. Normalize 
if needed. Insert characteristic and sign. 



Rl (multiplicand) 
R2 (multiplier) 



Characteristic Fraction 

24 72A9B6 

3 7 2 4 13 12 



2 4 - multiplicand characteristic 

3 7= multiplier characteristic 



Minus binary 64 equals 



B - product characteristic 



Low 8 bits of multiplier into hardware register 
Zeros loaded into another register. 

1st 16 bits of multiplier 



1 2 


12 



For 2nd multiply 
lX-2 4 1 3 
2X = 4 8 2 6 



For 1st multiply 
1X= 1 2 
2X = 2 4 



Example: 1st multiplicand digit - 6 

6 decodes as 2X, 2X, 2X 
this means, the multiplier times 2 is 
added 3 times into the product 
accumulator. 

2X = 2 4 

+ 2X = 2400 

4 8 

+ 2X = 2 4 

6 C 

Store low digit at low-digit location of 1st 
partial product. Shift digits right one digit 
in product accumulator and await next 
decode product accumulator 

6 C 



1st partial product 
2nd partial product 
product 







1 



8 F E E C C 
028603082 
028684070CC00 



Insert characteristic 
Insert sign 



+ 1 B 



1028684070CC00 
1028684070CC00 



CLF 031 RR-RX Floating Point - Multiply Example 



Chart 002 



Op Format 


Byte 1 


Byte 2 


Byte 3 


Byte 4 


RR Divide, Double 


2D 


Rl Ir2 




<;^ 


RR Divide, Single 


3D 


ri;r2 


RX Divide, Double 


6D 


Rl iX2 


B2ID2 


D2 


RX Divide, Single 


7D 


Rl ]X2 


B2JD2 


D2 



Floating Point Divide RR, RX Foimats 
Single and Double Precision 
Mnemonics 

DER 

DE 

DDR 

DD 

The First Operand is Divided by the 
Second Operand, the Quotient Replaces 
the First Operand 




Read Out Divisor 
Characteristic. Add 
128 to it if Sign was 
Plus. Store in Hardware 
Register 



QB401 




QB40 



Add 64 to the Charac- 
teristic 



QB401 



Subtract 64 from 
Characteristic 



QE 



Set Up Count Register 
in Preparation For Pie- 
normalization 



One 


e a Sign! 


1 
icant 1 


Div 


sor Digit 


is Found 1 


it is 


Stored in 


to Local 1 


Sto, 


age as the 


High ] 


Old 


ei Divisio 


Digit [ 



QB401 



Read Out Fraction Digits 
Look for Significant 
Digit 




Go to Program Interrupt 



Divisor Prenormalized. 
Store Characteristic Minus 
1 into Local Storage 



QA879 



QB431 



F 

Chart 7 



Read Out Dividend 
Characteristic. Add 
128 to it. Store in a 
Hardware Register . 



QB431 



Compute Quotient Sign. 
Store into Local Storage 



QB401 



Set Up Count Register . 
Start prenormalization 
of Dividend. Search 
for Significant Digit 






No 




QB421 


When 


Digit Is 


Found, ! 


Store 


the Who 


e 




Divid 


end Fract 


Ion 


with 


the H 


gh Orde 


■ D 


9!t 


Equal 


to 







QB441 



Subtract Character 
Istics 



QB441 




QB341 



Set the Quotient 
Register to Zero 



Set Up Dividend into 
Working Area for Divide 
Loop 



QB341 



Read Out Condition Regis- 
ter and Program Mask 



CA621,QA631 



Compute Quotient, Store 
into First Operand Loca- 
tion 



QB35I 



QB491 



Test the High Order Byte 
of the Quotient Regis- 
ter . Only the Low 4 Bits 
Could Contain a Digit. 




QB351 



Go to I Cycle Start 



QB351 



Go to Program Interrupt 



QAOOl 



Go to Program Interrupt 




QA879 



Chert 7 



QB34I 



QA879 



^ 



Chart 7 



Store the 


Quotient 




Characte 


Tstic Into 


the 


Quotient 


Register. 


Go 


to 1 Cycl 


e Start 





Chart 1 



QAOOl 



CB351 



Go to I Cycle Start 



GB351 



Go to Program Interrupt 



QAOOl 



kJ 



Chart 



QA879 



Chart 7 



CLF 032 RR-RX Floating Point - Divide 



Floating Point Divide 



All numbers shown are In hexadecimal 



Characteristic Fraction 

First Operand is the Dividend 25 9672EA 



Second Operand is the Divisor 



1 9 



The characteristics are carried in excess 64 
notation at all times. 



Page No. 
QB271 



Divisor characteristic Is read out, o 
bit is added to the high-order 
position (sign). The characteristic 
will now be without sign If It 
was minus, or effectively have a 
value of 128 higher if it was plus. 



7 1 3 4 B 5 



Divisor Characteristic 
1 9 

+8 



9 9 Sign was plus, characteristic 

is now expressed in excess 
192. If sign were minus it 
would still be expressed 
in excess 64. 



The divisor in this example Is a normalized 
number and will not be prenormalized. 
The dividend Is prenormalized with the 
high-order digit equal to zero. In this 
example, the dividend will be shifted 
right one digit to accomplish this. The 
low-order digit will be shifted out 
Into the hardware register In which the 
quotient will be formed. The first time 
through the divide loop, only 4 quotient 
digits will be computed and stored. The 
next divide loops will produce 8 quotient 
digits until the operation Is completed. 



QB401 



QB431 



QB421 



QB44' 



QA621 
QA631 



Divisor characteristic has 64 
added to it or subtracted from It, 
depending on the sign position. 
If the sign had been plus, 64 
will be subtracted from It; if It 
was minus, 64 is added. The 
characteristic now represents the 
numeric value of the exponent +128 
Instead of +64 as It usually does. 

Dividend characteristic is read out 
and sign is tested. 128 is added 
to characteristic; It now represents 
the dividend exponent +192. 

Compute quotient sign and store. 
If signs are alike, quotient sign will 
be plus. If signs are unlike, quotient 
sign wil I be minus. 

Do the skewed dividend prenormalize 
into local storage and hardware 

Divisor fraction is loaded Into 
hardware, or hardware and local 
storage . 

Compute the Quotient 
characteristic. The divisor 
characteristic is complement added 
to the dividend characteristic 



Divisor Characteristic 
9 9 
+C Subtracting 64 is done by 

5 9 adding C to high order. 



5 9 

+F F 

5 8 



Subtract 1 from the characteristic leaving it expressed In excess 127, 
This is done to compensate for the fact that the dividend is shifted 
right one digit as It is loaded. 



Dividend Characteristic 
2 5 
+8 Sign was plus; characteristic 

A 5 Is now expressed in excess 192. 



Local 
Storage 



Dividend Fraction 
9 6 7 2 E A 



9 6 7 2 E 



A 



hardware register 



A 5 

A 7 

1 



■4 D 



dividend characteristic-- ^excess 192 

divisor characteristic complemented-- ^excess 127 

plus one 

quotient characteristic The result Is now excess 65; however, when the final 

quotient Is produced (shifted left 4 bits), it will be excess 64, 



If the computation of the quotient characteristic failed to produce a carry, an underflow would be 
sensed. The quotient register would be set to zero and the program would return to l-cycles or to 
program interrupt, depending on the mask bit. 

The divide function is performed on these 

2 pages. The quotient is produced one bit 

at a time into a hardware register. The first 

time through the divide loop, 4 quotient bits are 

produced and stored in the high-order address of 

the quotient register . In each of the following Characteristic Fraction 

loops, 8 quotient bits are produced and stored Final Result 4D 15 4 3 

until the entire quotient has been computed. 

The quotient has been produced and is located In all bytes of the quotient register. The 
high-order byte must be checked to see If the quotient characteristic may be stored there. 
If the high-order byte is zero, the characteristic is stored there decremented by 1 to in- 
dicate high-order zero. If the high-order byte contains a low-order digit, (can never 
contain high-order digit) the quotient is right shifted one digit, the low quotient digit Is 
lost, and the characteristic Is stored unchanged. The characteristic is always checked, 
before storing, for overflow and underflow. If overflow, go to program Interrupt. If 
underflow, set the quotient register to zero, test for trap, and go to normal l-cycles or 
program interrupt. 



8 5 



CLF 033 RR-RX Floating Point - Divide Example 




Inltml Program Load 



Store Instructfor 


Address, 


Length, Count, 


and 


PSVV Bits 





I Forced Address fro 
I Load Key 



Read Out 2nd Byte 
of CAW 



Store 02000000000000 
in Main Storage Bytes 
0000 thru 0006 



Start I/O, Test I/O 



Mask off All Traps, 
Store 18 in Main 
Storage Byte 0007 



Store 60 in Main 
Storage Byte 0004, 
Store Unit Address 
from Switches 



Chart 036 





Halt I/O, Test Channe 





No ^ 


■^ ^^ Yes 








QD131 








QD141 


Store Status, 
Reset Channel 


Reset PCI 






















QD131 



^ 




Multiplexor 




( IPL Error Stop J 



Set Condition Code 1 




Set Condition Code 



Set Condition Code 2 



Set Condition Code 3 



Store the Condition Code 



Return to l-Cycl 
(IC Restore) 



CLF 034 I/O Ops InlHalization and Test Channel - Selector Channel 



I QD03 



5 


ore Devic 


Add 




Re 


set Chann 


= 1 Exc 


ept 


Pc 


li Control 







Store Next CCW 
Address 




Update and Restore CCW 
Address 




Set Program Check 




Store Status Bytes 



Set Condition Code 1 
and Store the Conditio 
Code. 





|CD 


QD181 


Res 


et Poll Co 


ntrol 


1 QDllI 


Restore CPU, 
ROSAR 


Restore 


1 


Returr 


to Main 


'rogrom 



Reset Select Out 






Reset Select Out 





C Start 1/ 
Start I/O 


or cc ';> 

QDOSt 








Set Address Out and 
Select Out 






, 






^^^Adc 

<^ In or S 


^^ Q0081 
ress^^ 

tatus In ^> 


NO 


NO 


^■^\^ Res 


YES ^^ 


Time Out ^^ 



Store Channel Status CSW 




Set I/O Interrupt 



Restore CPU, Restore 
ROSAR 




jturn to Main Progrc 



This Con Be a Hardware 
Interrupt on a Start I/O. 
Example: SIO too Tape 
Drive that is Not Ready 



Reset Select Out 



Set Condition Code 
and Store the Conditio 
Code 



immediate Command I 




Send Commond O 





CLF 035 Start I/O - Selector Channel 



QD161 



Reset Select Out 



QD)61 



Set Interface Control 
Check 



Chart 037 




^^^ QD071 



Chart 037 



Reset Select Out 



Set Bus Out Control and 
Command Out 




Set Condition Code 
and Store the Condition 
Code. 



Chart 001 



Forced Address On ROS 
Interrupt Trap 



■g 



Set H5and Store the 
R-Register Contents In 
Local Storage. Reset 
Select Out 



Tl J Chort 034 




Fetch Device Address 




Store Status, 
Reset Channel 





NO QD031 



Store Unit Address, Reset 
Channel Except Roll Cont I 



nZZL 



Set Condition Code 1 and 
Store the Condition Code, 



Set Address Out and 
Select Out 



QAOOl 



QD07I 




© 



Set 
Ze 


the 
o 


Entl 


e CSW to 


1 QD131 




St- 


=rc- S 


otus 






Interrupt 



l/°OP QD021 



Set Condition Code 1 



Forced Address On ROS 
Chain Trap 



V 



Store Condition Code 



Set H5 Latch and Store 
the R-Reglster Con ten -s 
in Local Stotaqe 





Set Condition Code 2 



Store Condition Code 



Chart 001 



Set Status Regiseter for CD 



Set I/O Interrupt Latch 




Reset Status Reg 
Set Service Out 



Store Device Address 



Store Certain fiardware 
Registers Contents In 
Local Storage 



Set Command Out 



Status Modifier Bit On 
Jump 1 CCW 



)6I J 



Restore R-Register 



QDIll 



Restore ROSAR and 
Reset H5 Latch 





^ 


Jo 


LJse Next CCW 


^Yes 






QD06 


"■■^ 




QD061 


Set Up CCW Address 




Set Up Next CCW Address 













[ Return to Main Program J 



Stop. Error During IPL 



Reset Poll Control 



DD 
Chart 038 




CLF 036 Test I/O and Traps-Selector Channel 



QD071 



Store Unit Address. Reset 
Channel. 



QDI31 



Reset Select Out 



QD131 



Store Channel Statt 
CSV/ 




Set Condition Code 1 

I QD02 



Store Condition Code 



I QAOOT 



Reset Poll Control 


I GDlOl 


Set I/O 


Interrupt 


1 QDlll 


Resto 


e CPU 


I QDlll 


Restore 


R05AR 


1 


/' Return to 
(^ P'og. 


Interrupted "\ 



' Return To l-Cyck 
(IC-Restore) 



Chart 001 





Read Out Condition Code, 
Set Condition Code 3 and 
Store 



QAOOI 



I Return to l-Cycles 
I (IC Restore) 



Chart 001 



QD161 



Reset Select Out 



QD171 



Perform Selector Che 
Error Log Out. 



QD181 



QD181 



Reset Channel 



QA961 



FF 

Chart 007 




''°°PqD021 



Chart 007 



Set Condition Code I 



QD021 



Store Condition Code 



Return To l-Cycles 
(IC-Restore) 



QAOOI 



QD181 



Set I/O Interrupt Latch 



Restore CPU, Restore 
ROSAR 



(Return to Interrupted ^ 
Program ) 



Set Condition Code 1 



Chart 007 



QD021 



Store Condition Code 



QHOOl 



j Return to l-Cycles 

(IC Restore) 



Chart 001 



Chart 001 



CLF 037 Halt I/O - Selector Channel 




Chart 001 



CLF 038 MPX Start I/O 1 



I 

iDir 


ect Branch 


1 ^' 


- Operational In Down 


1 10 


- Status In, Op In Up 


lOl 


- Service In, Op In Up 


|00 


- Operational In Up and 




Neither or Both Status 




In and Service In Up 




or Command Out or 


-1 


Service Out Up 



n 



o 

CO 



5 

X 

o 

Q 



O 
O 




OC311 



Test i/O and I/O Interrupt 
to Store CSW 




Reset the XXXH, XH, 
and XL Latches 



QC041 



Setup to Find the 
Correct UCW 



QC041 



Mult. 




ingle 



QC041 



Setup Multiple Unit 
Address 



QC041 



Setup Single Unit 
Address 



QC041 



Readout UCW Byte I 
(Op and Flogs) 



QC041 



No 



Available 



QC051 




QC051 



Set Unit Status into 
a Register, Reset the 
FB Register 



QC051 



Yes' 



Reset MPX Channel 
Interrupt Latch 





QC09 




^\^^ Subchannel ^^ 




Readout Condition Code 
Set to Code 3 and Store 


jJYes 








^^-'~^QC041 




Return to l-Cycles 
(IC Restore) 


^/"^ Subchannel ^\^ 
^^.^^ Active ^^^ 


Yes 






QAOOl 




^ 


E 




No QC04 


\/ 


Chart 001 


Set Command Start 


Chart 41 



QC041 



OC031 



Yes 




IL 



QC031 



Set Unit Address into Local 
Storage and a Register, Set 
Bus Out Control, Address 
Out, and Command Start 



Reset MPX Channel Int- 
errupt Latch 



QC051 





UT 
Chart 045 



Error Routine 



QC091 



QC091 



Readout Condition Code 
Set to Code 3 and Store 



Error Routines 



Return to l-Cycles 
(IC Restore) 



QAOOl 



QC051 



Reset FA Registe 




Chart 001 



CLF 040 Test I/O - Interrupt to Store CSW 



CA I Chart 040 



QC071 





Test \/0 



Interrupt 



Readout Interrupt Buffei 
Stoie in a Register 



QC141 



QC161 



Readout Channel 
Status Byte (UCW 
Byte 0) Test Bits 
3 and 4 



QC141 




Reset FA Register 



Test I/O 



Holt I O 



Readout UCW Byte 4 
(High Dote Address 
Now Contains Unit 
Address 



Reset the FA Regist^ 



I QCl 



Erroi Routine 




Return to I Cycle 
(IC Restore) 



Chart 001 



Chai t 040 



No 


f No / 


QC151 


Readout Condition Code 
Set to Code 2 and Store 




QC151 


Reset FA Register 
Return to l-Cycies 




QAOOl 



QC05! 





Store Channel and 

Unit Status In CSW 


1 QC15I 


Store Condition Code 
1 


1 QCI3I 


Reset FA Register 


1 QCI51 


Return to l-Cycles 
(IC Restore) 



Reodou 


UCW 


By 


te 1 


Seta R 
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to 
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Setting 


of PCI 


ar 


d 


Active 


Bits 
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Yes OC401 



Readout UCW Status 


Byte, Change 


Bits to 


CSW Format v, 


ith the 


PCI Bit Reset, 


Store 


in a Register 





QC40I 



Set all CSW Bytes 
to 00 




Set CSW 


to 




Byte - 


Store 


ge Protect 


Byte 1 - 


Zero 
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CCWHigh 




Add 


ess 


Byte 3 - 


Nex 


CCW Low 




Add 


ess 
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High 


Count 


Byte 7 - 


Low 


Count 


Reset MPX In 


errupt 


Latch 







Readout State 
from Regisfet , Set 
PCI Bit on and Store 



Set CSW Byte 5 to 
Channel Status 



Set CSW Byte 4 to 
Unit Status 



Return to l-Cycles 
(IC Restoie) 



QAOOl 



CLF 041 Test I/O 2 



Halt I/O 



Chart 034 
IQC041 




Test 
Chart 034 I HH [Channel 



QC041 



Setup Multiple 
Unit Address 



Multiplexor Channel 
with 224 UCWs Can 
Only Branch to Single 
Unit Address 



QC041 



Setup Single 
Unit Address 




QC151 



Readout Condition Code 
Set to and Store 



Readout Condition Code 
Set to 1 and Store 



QC041 



Readout UCW Byte 
(Op and Flags) 



QC15I 



Reset the FA Register 



Return to l-Cycles 
(IC Restore) 



QAOOl 



QC091 



Readout Condition Code 
Set to 3 and Store 



QC091 



Chart 001 



Return to l-Cycles 
(IC Restore) 



QAOOl 
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No ^^ 




^^ 


Set Bus Out Control^ 
Address Out,and Select 
Out. Set Op and Flags 
into a Register 



QC05I 



Reset FA Register, 
Set Command Start 
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Yes 


<^ Time Ou 


^^"^^No 
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Unit Address 
Match 



Yes 



QC051 



KK Chart 041 



Operational In ^^ ^ '^^ 
Up 



QC151 





No ^^ 




QCI51 


Set Unit Status to Zero, 


Readout CSW Byte 1 



Time Out 




QC031 



Reset FA Register 
Set Command Status 



Readout Condition Code 
Set to 3 and Store 



Return to I Cycles 
( IC Restore) 



QAOOl 



QC151 



Reset Chaining Flags 
in UCW Byte 1 



QC151 



Readout UCW Byte 
Set to Hex 1,1 







Chart 001 



I QC15 



Reset the FA Register, 
Allow Polling 



QC161 



Reset MPX Hold 
Latch 



QC401 



Store Channel and 
Unit Status 



QC151 



Set Condition Code 
to 1 and Store 



QC151 



Reset FA Register 



QC151 



Return to I Cycles 
(IC Restore) 



QAOOl 
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CLF 042 MPX Halt I/O, Test Channel 



Data Chain Routine 
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Charts 039, 046 
Command 
Chain Routine 



RR Cliarts 039, 046 
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Command Chain Froi 
Command Immediate 
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UCW Byte 
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a Reg 
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Set Supp 
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Control 


Latch 









Update Next CCW 
Address 



I QC] 



Set Service Out and 
Command Start 



Read Out Next CCV/ 
Command 




Read Out CCW Byte 1 



QCOl 1 Chort 044 



Read Out CCW Byte 3, 
Set Into Register 
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and Set ir 
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to a Register 
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Set Up C 
Address 
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1 OCOII 
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CCW 
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Chart 044 





Chort 039 
Share Cyc les Loop 



Forced Address 



Store the Contents of 
Most Hardware Regis- 
ters in Local Storage 
at Given Locations 



Error Routine 




Setup Multiple Unit UCW 
Address in a Register 



Se 
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Store 
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Set MPX Operation 
Latch 
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5 Out Control, 
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nd Start 
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Setup Branching Condition 
for Acti ve and Restore Route 
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nd High 
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Registers 
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Se 
Se 
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w Data 
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Key, 
Address 



Reset MPX Channel 
Operational Latch 



Return to l-Cycles 
(IC Restore) 





QC31 
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Set ROS Address 
from Backup ROAR 



I QC31 



Reset Command Start 



Reset Command Start 



QC311 



Set Up for Re-entry Path 



Continue Interrupt 
Program 



1 QC311 



Share Re-entry 



Chait 039 I 



Chart 007 

MPX Channel Interface 

Machine Check Error Checks [ 



(Multiple Entry) 



Chart 043 
Program Error 
During Data Chain 



Program Error 
Chart 043 I LL 



Setup and Store 
Apparent Unit Address 
in Logout Area 



Store Machine Check 
or Catalog Number in 
Logout Area 



Force Address 
on QA96I 



u 



I PL Error Loop 




MPX Channel Wrap MPX Channel 
or Invalid Address Protection Check 




Chart 043 
Program Error 
During Command Chain 



Read Out Interrupt Buffer 
Unit Status Byte 



I ;QC471 



Reset MPX Operatic 
Latch 



QC461 Chart 046 



Set Up to Stop On Next 
Data Cycle 



Readout Unit Addri 



MM I — 
Chart 039 



QC471 



Set Address Out and 
Command Start for 
Halt Reset 



Check for Unit Reset 



Set Operational Out 
Off 




CSW Short Store and ] Chart 041 
Set Condition Code I I 



Set Busy, Interrupt 
Stacked, and Device 
End in Unit Status 



Send Out 1050 Reset Tag 




Enter MPX Channel 
Data Loop Tag Branch 




Reset FA Register 
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Set Interrupt Buffer 
Unit Status Byte to 
Indicate Busy 



I QC47T 



Set MPX Channel 
Interrupt Latch 
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Machine Check Trap 
Routine 



o 



QC47T 



Store Unit Address in 
Local Storage and Reset 
XXH, XH and XL Latches 




Set Up Single Unit 
Address 



Set Up Multiple Unit 
Address 



QC471 



Readout UCW Byte 

000 and Store Type of Error 




Set Bus Out Control, 
Address Out, and 
Command Start 



Store 1050 Unit Status 
In Local Storage 
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Queue Interrupt Status 




Machine Check Trap 
Routine 



Readout UCW Byte, Re- 
set Register to Prevent 
Trapping During UCW 
Restore 
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CLF 044 MPX Error Routines 



Set Modifier for 
Carriage Return 



Sef Write Command, Home 
Reader Start, Set Modifier 




Turn Off MPX 
Operotionai Latch 



Test for Request In Up 



Read New Protection Ke 




Return to 1-Cycle 



Clear the Interrupt 
Set Condi'ion Cor^e 1 
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Queue Channel End 



Set Condition Code 1 
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Present Condition to CSW 
and Set Condition Code 1 
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Restore ROSAR Return 
to Main Progroi 
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Latch 



Store 1050 Unit Address 
in MPX Interrupt Buffer 




Store Unit Status in 
MPX Interrupt Buffer 
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Store All Zeros in MPX 
interrupt Buffer Unit 
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Turn On Interrupt 
Stacked in Unit Status 




Turn On Forced Share 
Request 



Turn Off DE Search 
Unit Status 



Reset Unit Status Register 
to DE Search and Busy 



Reset Outbound Togs 



Turn On Bit 4 in UCW 
Channel Status 
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Turn On Bit 3 in UCW 

Channel Status 
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Store New Unit and UCW 
Status Reset FA Register 
and MPX Wrap Latch 



Return to l-Cycle 




CLF 045 1050 Operations, Sheet 1 



■^ 



Set Device End and 
Unit Check In Status 




Set Device End, Gnannel 
End, and Unit Chect 
in Status 




Set DE and Busy Unit 
Status 



Reset Attention Latch 
and 1050 



^ 





QC63I 


Decrease UCW Count 


1 QC631 


Store Sense Byte in 
Main Storage 



Yes QC631 



Turn Off Forced Share 
and Proceed 





~ 


QC611 




Read Out Data Character 
from Storage and Gate to 
1050 Bus Out 


G 












QC641 


,^-- 


Incre 
Addre 


3se UCW Data 


Ci 








1 




OC64 




Decree 


se UCW Count 





Save Write Modifier if 
Wr i te 




Set Up for Re-entry Path 



CLF 046 1050 Operations, Sheet 2 



MICRO PROGRAMS 



Start I/O Micro Program Selects 1050 Routine 




Gate 1 050 Togs Out 



Set Cond Code 1 



ATTACHMENT HARDWARE 



STOP 



.TA=0 HmRDRSt. 



Return to I - Cycles 




Hm RDR St Lch On 
Write Lch On 



1050 OPERATION 



Wait 




Clock Start Latch on 
Clock RunsW,X,Y,Z 
in 68ms 



W Set Write Share 
Request. 



Wait 



1050 Share Request Micro Program 
Test 1050 Status 




Yes 




Gate 1050 Bus Out 

Return to Micro 
Program - Use Backup 
ROAR 



G) 



Yes /''^Request \^ No 
Granted 



Set R/W Req 



Set Char in RW REG 



T3 



Set TE Latch 
Reset WR SH Req 



To Status Routine 



Status and Status 
Restore Micro 
Program. During 
This Program the 
TA-REG Will Be 
Reset and the HM 
RDR ST LCH Turned 
Off. This Will Drop Run, 
Write Condition, RDR-1 
Clutch and Stop the 
Attachment Clock 
After the Last Z 
Time. 



Return to Micro Pro. 
Use Back-up ROAR 




Set Allow Strobe 



El 

' Set 



et Shift Latch 



- I 



Force Proper Shift Char 



RDR - 1 
Strobe to 1 050 



LC 




UC 



Reset Ptr in UC LCH 



Set PTR in UC LCH 



W 



Write Share Request 
Blocked by TE 



Reset the Shift 
and Allow Strobe Latches. 



Gate the R/W 
Reg to 1050 



Y Turn on Allow 

Strobe Lch 



Rdr - 1 Strobe to 1050 
Reset the TE Lch 



E 



Reset Clock 
Start Latch 








/rdr Clutch will Drop 
During a CR, LP, or TAB 
Operation. The Clock 
will Stop Until RDR-1 

\Clutch is Active. 



locks Gate of -:AV 
Reg - Shift Char. Gated 



The 1050 will Start the 

Home Timer - Gate the 

Shift Char. 

and Perform a Shift 

Operation. 



Hm Timer Started 
Character Prints 
or a Function is 
performed 



Character Gated to 
the Hm. Reg . 



CLF 047 1050 Write Operation 



MICRO PROGRAMS 



Start I/O Micro Program 
Selects 1050 Routine 




Set Condition 
Code I 



Gate 1050 
Tags Out 



ATTACHMENT CIRCUITS 



Set TA and 1 



Return to I cycles 




Yes 




Write Character 
in Storage. 



Reset Read Sh 

Req . Restore to ROBAR 



Status Check and Restore 



During 
this routine the TA" 
Register will be Reset and 
HM RDR ST and RDR-2 On wi 
be Reset. This will Drop 
Read Mode and the Hold 
RDR 2 Line will be Active. 
The Attachment Stops ond 
the Micro Program will Exit 
Using ROBAR 



Reset Read 
Share Request 
Latch. Drop 
Reader - 2 
Hold Line - 
Allow Rdr Clutch 




1050 OPERATION 



Turns on 
Home Rdr 
Start Latch 



Clock Start Latch On 
Clock RunsWXYZ = 34 ms 



"w| Set the R/W 

Register 




Allows Rdr-2 C'utch 

will start Rdr and 

Rdr will start Mm Timer 



Hm Timer Activates 
Pch-1 Clutch 



Pch-1 Clutch 




Set XIate 
UC Latch 



[--E\- 



Reset XIate 
UC Latch 



Block Read 
Share Request 



FT Read Clock 
InlkOn 



Clock Stops 



Reset Read 
Clock Inik 
Allow Clock to Ru 




CLF 048 1050 - Read Reader-2 Operation 



MICRO PROGRAMS 



050 OPERATION 




Reset Rd Sh Request 
Restore to CPU 
Backup ROAR 



To Status Restore 



Status Restore 



During this Routine the TA 
Register will be Reset and 
the Proceed Lch will be Turned 
Off. This will Drop Proceed in 
the 1051 and Stop the Attachment. 



Return to Micro Program - Use Backup ROAR 



CLF 049 1050 - Read Inquiry Operation 



'^5 / Execute Ellm 

31.05.11 



Turn On Set I Op 
31.30.11 



Gate A Star 
to Main Star 



1/E Change 
31 .05.31 



Restore 
Main Star 
to 1 Star 



A Cycle Fii 
31.88.11 



Gate A Stai 
to Main Sta 



Execute Phase 



U Ihru 1^ 



Gate B Star 
to Main Sta 



YES / \ NO 

Branch Op Code 



Turn On Set I Op 
31.30.11 



l| Thru I3 



Read I Field 
into B Reg 



B Reg WM 



Read B Reg 
into A & B Stc 



Read B 

Reg into B Sta 



Advance I Ring 
31.31.31 



I Op 



MOD +1 I Star Units 
000-030 



Read B Reg 
Reg into A Reg 



Trans B 
Req to Stor 



NO / Move or \ YES 

Load Op Code / 



I.Thrulg 



Read B 

Req into A Star 



Read B 

Reg into B Sta 



Read Op Code 
into B Reg 



/mod +1 

I I Star Units 000-030 



Read B Reg 
into Op Reg 



Trans B 

Reg to Storage 



Ql 



Set Main 
Star to I Sta 



Example for A-Star or B-5tar Address Development During i-Phase of 1401 Compatibility Featu 

Assume the 2030 has 16,384 Positions of Storage and the 1401 Program 
is for a 12,000 Positions of Storage 1401. The Bias is 1120 

Instruction is B Y14 E A 

1 . Read Op Code 

2. Readout Hundreds Byte 

3. Setup Address for Table Lookup by Emitting a Digit and Using the Hundreds Digit. 
Set Address into Low B-Star. 



R-Register 


Hardware 
Register 


1 0000 0000 1 


1 0000 0000 1 


1 1000 0010 




1 1110 1000 





B-Star 
High Lo 



0000 0000 0000 0000 



0000 0000 0010! 1000 



Readout Tens Byte and Test Hundreds Zone to Determine Thousands Digit. This Example 
has Zone of 10 for I Thousand (Hex Equivalent Is 3E8). Set Tens Digit and Thousands 
High Hex Digit Into the High B-Star. 



5. Set Remaining Two Hex Digits (Emitted) into a Hardw 



eglste 



Readout Low Bias Plus Hundreds Digit Hex Equivalent Byte from Table In CPU Storage. 
Low B-Star has Address of Position in Table. For this Example Table Readout Is 04. 

A Test is made on the Tens Byte for Zones. If Tens Byte Is Zoned, Indexing is 
Required. For Example Tens Digit Is not Zoned. Add Low Bias Plus Hundreds Digit 
Hex Equivalent Byte (Remember this Byte Is Crossed in the Storage Table) to Digits in 
the Hardware Register. Retoin any Carry in the Carry Latch. 



8. Readout the High Bias Plus Hundreds Digit Hex Equivalent Byte from Table In MPX 
Storage. Use Same Address as Used for Low Bias. For this Example Table Readout Is 14. 

9. Setup Table Address for Tens Digit Hex Equivalent by Setting the Tens Digit from 
the High B-Star to the Low B-Star and Emitting a Digit to the Low B-Star. 

10. Add High Hex Thousands Digit In High B-Star and High Bias Plus Hundreds Digit Hex. 

Equivalent Byte and any Carry from Low Bios Addition to Thousand Digit. Set Sum into B-Sta 



1 1 . Readout Units Byte. 

12. Add Units Digit to Amount in the Hardware Register 



13. Test Zone Bits of Units Byte to Determine Remaining Thousands Address. For this Example 
Units Zone is 11 (No Zone) for Thousands. 

14. Readout the Hex Equivalent Byte of the Tens Digit from the Table In CPU Storage Using 

The Address Developed in the Low B-Star. The Digits in the Byte are Crossed 
In the Storage Table. For this Example Table Readout is AO. 

15. Add the Hex Equivalent Byte (Uncrossed) to the Amount In the Hardware Register 
and Set the Sum Into the Low B-Star. Any Carry is Added to the High B-Star. 



16. The B-Star Now Contains the Required Hex Equivalent Address for the Address 
Y14 for the Condition In the Example. The B-5far Is Transferred to the A-Star 
and l-Phase Continues. If Instruction has a B-Address the B-Sfar is 
Developed in Same Manner. 



+E8 - Tho 
28 - SutT 



nd Hex Diglts- 



03 - Thousand Hex Digit 

14 - High Bias + 

■_L - Carry 

18 - Sum 



Units Digit 
Sum 



AO 


- Tens Byt 


X 


Crossed 


OA 




2C 
3i<, - 





I 0001 01 00 1 



I nil 01 00 1 



1 1010 oooq] 



Tens Digi' 



0010 1000 



-Thousands (Emitted 3) 



000110011 0010 1000 




0001 001 1 0001 OOC! 



0001 1000 0001 0001 



0001 1000 0011 Olio 



CLF 101 1400 l-Cycles, Address Example 



These Entries Are Used By 
Given Op Codes which 
Have Not Been Flowchorted 



To Interrupt Decode 
Routine 




Return to I- Cycles 
(Multiple Entry) 



QEOOl 



Setup Address to Readout 
the Bit Significant Op 
Code from Local Storage 



QEOOl 



Readout Bit Significant 
Op Code 



00 Halt 

01 Halt and Branch 



I Error Stop 

II Invalid Operation 



1 I QE641 



Setup Interrupt Code 








Ab6J 


►- 
































0123 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 




0000 










, 


/ 


-I 










B 










Cpu Ops 


0001 






D 


Y 


# 


n 


E 


Z 


A 


S 


@ 


% 


? 


1 


p 


c 


I/O Ops 


0010 


u 


1 


2 


3 


4 


5 


6 


7 


PFR 


K 


F 




(I/O) 

u 


(I/O) 
M 


(I/O) 
L 




Misc Ops 


0011 










Invalid 
Ops 












V 


W 












0100 




































0101 




































0110 




































0111 




Column 
Binary 
































1000 


M 


































1001 


L 


































1010 




































1011 




H 
































1100 




































1101 




































1110 




































nil 




Q 
































Bit Significant Chart 



Set Status Bits to 
Denote Special Ops 



Set Status Bit for 
Mode Svi'itchinq 



To Store CPU Routine 



See Bit Significant 
Op Chart 



Store the I, A, and B Stars 
in CPU Storage. Store the 
Op Register and 1400 
A-Register in CPU Storage . 
Set B-Star from the I -Star. 



i XM I 
Chart 156 



QE731 




Setup Invalid Bit 
Significant Op 



No Combination - Invalid 
Branch 



Op Code M, L, or H 



Op Code Q 



Op Code L, M, or U 



Store B-Star in Local 
Storage 



Store A-Stor in Local 
Storage 



Hundreds Byte Bit 1 

a Indicates Wordmark 



Set A-Star into the 
B-Star 



4567 


With Wordmark 
0123 »■ 


No Wordmark 


With Wordmark 


N 


o Wo 


rdmark 




0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 


0000 


Blank 


& 


- 




Blank 


& 


- 




? 


I 


+ 





? 


I 


4 





0001 






/ 








/ 




A 


J 




1 


A 


J 




1 


0010 


















B 


K 


S 


2 


B 


K 


S 


2 


0011 


















C 


L 


T 


3 


C 


L 


T 


3 


0100 


















D 


M 


U 


4 


D 


M 


U 


4 


0101 


















E 


N 


V 


5 


E 


N 


V 


5 


0110 


















F 


O 


W 


6 


F 


O 


w 


6 


Oil! 


















G 


P 


X 


7 


G 


P 


X 


7 


1000 


















H 


Q 


Y 


8 


H 


Q 


Y 


8 


1001 


















1 


R 


Z 


9 


1 


R 


z 


9 


1010 








^ 








¥ 


















1011 




$ 


, 


# 




$ 


, 


# 


















1100 


n 


* 


% 


@ 


n 


* 


% 


# 


















1101 


c 


3 


V 




c 


3 


V 




















1110 


< 


; 


\ 


> 


< 


; 


\ 


> 


















nil 


k 


A 


-m- 


nT" 


k 


A 


-#-. 


nT" 



















QEOll ^400 Defined Characters 



Branch on Bit 2 of 
the Hundreds Byte 



Set Hundreds Byte into 
the B-Star and Readout 
the Tens Byte 



Change Op Code to 2E 



^\ 360 


YBias 




Z B 


ias 




1400\ 


16,384 


32,768 


65,536 


8,192 


16K 


80 


01 


41 


CO 


\/ 


12K 
8K 


20 
CO 


11 
20 


51 
60 


DO 
EF 


/\ 


00 


4K 


60 


30 


70 


FF 


10 


2K 


30 


38 


78 


F7 


18 


1.4K 


88 


3A 


7A 


F9 


lA 



Y = Bias for Low-Order Byte in Hex, 
Z = Bias for High-Order Byte in Hex. 



Compatibility Mode 
Memory Bias 




If Bit 1 is a it is ; 

Recognized as a Workmark ] 



To Invalid Address 



QE031 
A J Chart 103 



CLF 102 1400 l-Cycles Start 



Carry from B-Star is 
also Tested. A Carry 
Indicates invalid Address! 



QE05I 



Add Units Digit to Low 
Bias + Low Hundreds 
Digit 





Add Units Digit to Low 
Bias + Low Hundreds 
Di, 



Bits 2 and 3 


of the 




Units Byte 




Hex 1 


Bit 2 Bit 3 


Thousands 


DigitI 


I 1 


0000 


0000 1 


1 


4000 


FAO| 


1 


8000 


IF4o| 





12000 


2EE0| 



Add Units Digit to Low 

Bias + Low Hundreds 



QE051 




To Invalid Address 



^ 




QE05! 



To Invalid Addres! 



Store Units Byte in 
CPU Local Storage 



Chart 104 
QEOSI 



Set Status to Indicate 
Op Code of V or W 




If u 


nits Byte Bit 


is ' 





t is Re 
Wordm 


cogniz 
ark. 


ed ' 


Corr 


y from 


the B- 


Star 1 


Indi 


cotes 1 


ivalid 




Add 


ess 







00 QE051 



Add Thousands Hex Digits 
to B-Star and Hardware 
Register Containing Sum 
of Low Bias + Low 
Hundreds Digit + Units 
Di 



Add 


and Adjust 




Thou 


sands Hex D 


aits 


to B- 


Star and Ha 


dwore 


Register Contain 


nq Sum 


of Lc 


w Bias + Lov 




Hund 


reds Digits + Units 




I If Units Byte Bit Oi 
I 0, Character is Inv 



To Invalid Address 



Invalid I/O Instruct!, 
to General St. 



I Q E641 
Chart 155 



Add Tens Hex Digits 
to the Sum of the Lo 
ias + Low Hundreds 
Digits t Units Digit 
and Set into the B-Sto 



Store Hundreds Byte 
in B-Hundreds Backup 
Byte in MPX Storage 



If Bit 3 of the Read from 
the Tens Table is a 1 
' the Character Invalid 



sadout Hundreds Byte 
of B Address or the 
D Modifier 



^-\ NO 




t/^'^ 


QE061 


To Invalid Address 



Transfer B-Star to 
the A-Star 



Hardware Register 
Represent 1401 A-Register^ 




To Interrupt Decode 



To l-Cycles 



BA 

Chart 155 



AA 
Chart 102 



CLF 103 1400 l-Cycles A and B Address Setup 



QEin 



Store A-Star m CPU 
Storage 



QElll 



Store Required Hardware 
Registers in CPU Storage 



QE251 



A Byte is Stored tn CPU | 
Storage to Indicate 14001 
Simulated Memor)' Size, ' 
Byte Is Bit Significant 



Readout 2030 Main 
Storage Size. Subtn 

One from it. 



Readout Low Bios 
from CPU Storage 



This Leaves the Hex 
Value of the Decimal 
Number for the Involid 
Address in Hardware 
Regi stars 



Readout High Bias from 
MPX Storage. Subtract 
Bias from Invalid 
Address 




QFsn 

QF821 


Convert the Hex 
Number to the Decimal 
Equivalent Number 



1 Brar 


ch on the 2 H 


qh 


1 Bits 


of the Thousa 


ids 


I 00- 


No Zone 




1 01 - 


A (0) Zone 




1 10 


8 (11) Zone 




1 " " 


BA (12) Zone 






QE091 



Set Main Storage 
Address to Hundreds 
Byet of Invalid Address 



Restore Required 
Hardware Register 
from CPU Storage 



Set Zoned Units Byte 
into Low B-Star 



QE091 



Readout Hundreds Byte 



Force Status Bit On 
for Storage Worp 




Set Tens Decimal 
Digit with 4 High 
Bits of the Byte at 
1 111 into High B-Star 



QE091 



Set A-Address Hundreds 
Byte into MPX Storage 
and a Hardware Register. 
Set Status Bit to 
Indicate Invalid 
A-Address 




Readout Same Byte 
from Main Storage 



This Byte is not Used 
in this Routine 



QE091 



Set Hundreds Byte into 
MPX Storage and a 
Hardware Register. Set 
Status to Indicate 
Invalid B-Address 




Readout Tens Byte 
Set Low B-Star to 
a Blank (40). 




2 01 5 Characte 
Instructions 



ZL 



Set the High B-Stoi 
too Blank (40). 



Restore A-Star from 
CPU Storage 




Set A-Star from 
B-Sta. 



Start Op Decode 



Set Low A-Star to o 
Blank (40) and Set 
High B-Star into 
High A Star 



Set Units Byte into 
Low B-Star and a 
Hardware Register 



To Start Op Decode 



Q 
Chart 103 



CLF 104 Invalid Address Convert 



Instruction Cycle 



Read A Addr to A Star 
32.32.1] 



Prev l-Ring Advance 
31.31.]1 



Start Store Ri 
41.50.11 



Generate Addr 
Index Register 
41.50.81-41.50.91 



Read IX-Field to B-Reg 
35.18.11 



Transfer A-Sta 
Position to A-; 
41.50.91 



RO Adder to A-Star 

Position 

41.50.51 



Store Cycle 4 



B-Stor Also Set 
Unless Prevented by 
Op Code 



Hold l-Ring 3 



Prevent 1-Star RD 



Advance Store Ring 
41 .50.21 




Digit by Digit Store 
Ring Control 



True Add Ctrl 
eturn to POS; Just 
Read Out B-Stor Ah 
RI if Not Prevented 



Advance l-Ring 
31.31.31 




1-4 Word Mark 





Example for A-Star or B-Star Development with Indexing During l-Phase of 1401 Compatibility Feature on the 2030. 
Program is for a 16,000 Positions of Storage 1401 and the 2030 Has 65,536 Positions of Storage. 

Instruction is_A UAC 456 B. Index Register 3 has U62 Stored. 

1. Recognize Indexing Required (Tens Byte Zoned). 

2. Set Tens Digit from High B-Star to the High 4-Bits of Hardware Register 1 . 

3. Readout Hundreds Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. For this Example Invert High /- Bits 
and Set Byte into High A-Star 

4. Readout Tens Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. Set Character into Low B-Star 

5. Readout Low Bias from CPU Storage (Address is Emitted). Bias is Crossed in Storage Table. For this Example Readout 08 

6. Test Zone Bits of Tens Character to Determine Index Register. For this Example Zone is 00 (Index Register 3). 1401 
Index Register 3 Address is 0097 (Hex Equivalent is 61). Add the Hex Value to Low Bias and Set into Low 
B-Star. 



7. Readout High Bias from MPX Storage (Same Address as Low Bias). For this Example 
Bias into High B-5tar 



adout CO. Set High 



8. Address of Index Register Hundreds Byte in B-Star. Readout Hundreds Byte from Index Register. 

If Special Character, Do BCD Table Lookup. For this Example Character is U, Invert High 4 Bits and Set into Low A-Star 



Read Tens Byte from Index Register, Decimal Add Index Hundreds and Add 
and Set Sum into High A-Star 



Hundreds Bytes 



iO. If Tens Byte is Special Character, Do Table Lookup for BCD Equivalent, Decimal Add Index Tens Digit (6) and 
Address Tens Digit (I) and Set Sum into High 4 Bits of Hardware Register I . 

! 1 . Readout Units Byte from Index Register. If Special Character, Do BCD Table Lookup. For this Example Units 
Character is 2. Set Index Register Units Digit in the Low 4 Bits of Hardware Register 1 . 

12. Readout Units Byte for Address. If Special Character, Do BCD Table Lookup. Check Index 
Units Byte for Zone Bits; For Example Bits are 1 1 (No Zone) for Thousands. Decimal Add Index 
Units Digit and Address Units Digit. Set Sum into Low 4 Bits of Hardware Register 1 . 

13. Decimal Add Any Carry (from Units or Tens Acdition) to Combined Hundreds Digit ond Set into High 
B-Star. For this Example No Carry. Emitt a 9 to Force a High Carry Should Low Digits Give a Carry. 



14. Check Units Address Zone Bits. For Example Zone Bits are 00 (12,000). This Adds a C (Hex) to 
Accumulated Zones in High A-Star. Accumulated Zones are in High 4 Bits of the High A Star. 



15. Setup Address for Table Lookup of Low Bias + Hundreds Digit Hex Equivalent Digit in Low A-Star 
Set Total Zone Digit Into Low 4 Bits of Hardware Register 2. Readout Low Bias + Hundreds 
Byte from CPU Storage. For this Example OA is Readout Because 3yte is Crossed in Storage Table 





R-Register 




Hardware 
Register 1 


Hardware 
Register 2 


A-Star 
High Low 


B- 
High 


Star 

Low 




1 0000 0001 


1 1 1 1 1 000 


|xxxxxxxx| 


|xxxxxxxx|xxxxxxxx| 


0001 0011 


0010 0100 1 












1 






JL_ 












|000) 0000 1 






1 11 10 3100 








♦ 






0001 0100 xxxx xxxx 












1100 0001 


|0001 0011 


1 1 00 0001 1 










|0000 1000 




08 - 
X 


Low Bias — — ' 
Crossed 

Emitted Hex Value 




80 
61 - 


t 


El - 


|0001 0011 


11 10 0001 1 














1 1 1 00 0000 1 










* 












1 1 1 00 0000 








1110 0001 1 




]iiiooioo| 








♦ 






loOOl 0100 0001 0100 




14 
14 


|llll 0110 




Total Tens Digit 
Total Units Digit 


\ 








28 - 


0010 1 000 1 0001 0100 












_L 


|0111 0000 

J- 






|iiii ooio| 


L 






join 0010 












_L 




2 


1 1100 0011 1 




3 


Hundreds Digit 
No Carry 




T 

08 - 
+90 - 


|oill 0101 

1 




J 






|l001 1000 


1110 0001 1 




- Hundreds + Units Inde 

- Units Address Zones 


X Zc 


ne 












1100 




J_ 




1110 


|iiio looojoooi oioo| 








Total Zones - 
Total Units Zone- 












_L. 






1110 I000[ 0010 lOOO'l 
— Total Hundreds Zone 






|oooo iiio| 






|0000 1010 






TT 





16. Add Low Bias Plus Hundreds Digit Hex Equivalent to Total Units Digit and Set into High 
A-Star. Set a Carry into High B-Star. For this Example No Carry . 



AO 
+05 - Total Onits 
A5 - Sum 



1010 0101 0010 1000 



17. Test Total Hundreds Zone to Determine Correct Hex Digits to Add to High ,A-Star and 
High B-Star. For this Example Bits ore 10 (Hex Digits are 7D0). Add DO to High A-Sto 
Any Carry from A-Star is Added to High B-Star. Add the 7 to High B-Star. 



Carry ' 



A5 - A-Star 
DO - Emitted 
^75 - Sum 



B-Star 
Emitted 
Carry 
Sum 



mill 0101 0010 1000 



18. Readout High Bias Plus Hundreds Digit Hex Equivalent from MPX Storage. Setup Total 
Tens Digit Hex Equivalent Byte Address. Add High Bias Byte to High B-Star. 



C3 
08 
CB - Su 



19. Test Total Units Zone to Determine Correct Hex Digits to Add to High A-Srar and 
High B-Star. For this Example Bits ore 1 1 (Hex Digits ore 2EE0). Add EO to High 
A-Star, Any Carry from A-Star is Added to High B-Star. Add 2E to High B-Star 



Carry 



75 - A-Star CB - B-Star 

EO - Emitted 2E - Emitted 

'55 - Sum _1_ - Carry 

FA - Sum 



0101 0101 0010 1000 



20. Readout Total Tens Hex Equivalent Digit from CPI Storage. For this Example Readout 64. 
Remember Byte is Crossed in Storage Table - 



21 . Add Tens Hex Byte (Uncrossed) to High A-Star and Set Sum In Lo 
Carry is Added to High B-Star. 



64 - Tens Hex Digit 
X Crossed 

46 

+55 - A-Star 

9B - Sum ^— ^^ 



nil 1010 1001 1011 



22. End of Indexing this Address Continue l-Phase. If Address Being Indexed was the 
A-Stor, Transfer A-Star to B-Star. If Address Being Indexed was B-Star, Restore the 
A-Star from Local Storage. For Example Set B-5tar Into A Star. 



nil 1010 1001 1011 



CLF 105 1400 Index Example 



QE03I 
QE041 




Store A-Star in Local 
Storage 



u 



Readout 1401 Control Byte 
from Local Storage 



A-Star, 3 Choracte 
B-Star, 6 Character 



Setup Tens Digit in 
a Hardware Register 



Invalid Operatioi 
to Generol Stop 



I Q E64I 
Chart 155 



Use EBCDIC Code of | 
Character as Address ! 






QE231 



Readout Byte from MPX 
Storage Table for EBCDIC 
to BCD Conversion. 
Check Character and 
Set into Hardware 
Register 



To Invalid Addres; 



Decimal Add Units Digit 
to Index Units Digit 
and Adjust Hundreds 
Digit for Any Carries 
from Units or Tens 





1 C Charact 




^^^^h 




QE201 




Read a Byte from MPX 




Storage Table for EBCDIC 




To BCD Conversion and 




Set it into a Hardware 




Register. 











Zone Bits 


Hex Digits 1 


10 


40 1 


01 


80 


00 


CO I 




Adjust Hundreds Numbe 
by Required Amount 



Setup Address of Bias 
Table Hundreds Digit 



Readout Tens Byte and 
Set it into the B-Star 



Use EBCDIC Code of 
Character os Address 





1 —<^^' 

OE211 


Read a Byte from MPX 
Storoge Table for EBCDIC 
to BCD Conversion 




To Invalid Address 





Add Low Bios (Hex 
Equivalent of Hundreds 
Digit Plus Base Bias) 
to Unit Digit 




1 Hundreds Zone 


for 


1 Index Zone PU 


s Address 


1 Zone 





Add 87 (57 Hex) to Lo 
Bias ond Set into B-Star 



To Address Errc 



Add 92 (5C Hex) to Lo« 
Bias and Set into B-5t. 




Add Hex Equivalent 
of Thousands to 
Indexed Address 



Zone Bit 


s Thou 


sand Hex 


1 °' 


1 


3E8 


1 '0 


2 


7D0 


1 11 


3 


BBS 



Setup Tens Address 
for Table Lookup 



Readout High Base 
Bios and Add to B-Stoi 





1 


Bia 


s Plus Hex Number 1 


Cre 


ates the Address 1 


of 


nc Hundreds Byte 1 


m 


•10 Inaex Registe, [ 



Readout Hundreds 
Character from Index 
Register 




Units 


Zone 


for 1 


Index 


Zone 


Plus 1 


Addre 


ss Zo 


1 



Reodout High Bias 
Byte and Add to 
Indexed Address 



Read a Byte fiom MPX 
Stoiage Table for EBCDIC 
(o BCD Conversion. 
Check Character from 
the Table and Set into 
the A-Star. 




1 Zon 


e Bi 


Thou 


and Hex 


1 °' 




4 


FAQ 


1 '° 




8 


1F40 


1 11 




12 


2EE0 











Add Hex Equivalent 
of Thousands to 
indexed Address 



Readout Hex Equivalent 
from Table for Tens 
Diqif 



Readout Tens Character 
from the Index Register 



1 QE22I 


Decimc 


1 Add Hu 


ndreds 


Charac 


ter of Ind 


;x 


Registe 


r to Hund 


eds 


Charoc 


ter of the 


Star 


Being 


ndexed. 









YES 


.^^r 






QE251 


To In 


/alid Addre 


" 




Indexed Address i 
in B-Star 



Add Tens Digit Hex 
Equivlanet to Indexe 
Address 



Read a Bytf 


from MPX 


Stotage Table fot EBCDIC 


to BCD Co 


version. 


Check Cha 


racter from 


Table then 


Decimal Add 


the Tens In 


dex Digit 


to the Tens 


Digit of 


the Star Be 


ng indexed. 




P 

Chart IC 



QE251 



Decimal Add Tens Digit 
of Index Register to 
Tens Digit of Star 



estore A-Star from 
ocal Storage 





^ 



Restore A-Star from 
Local Storage 



Readout Units Choractei 
from the Index Register 
and Set Units Digit 
into a Hardware Registe 





To Invalid Address 



QE22 



D-Modifier or B-Star 
Hundreds Character 



Readout Next Choracte 



Read a Byte from MPX 
Storage Table for EBCDIC 
to BCD Conversion. 
Check Character and 
Set Units Digit into 
a Hardware Register 



Readout Units Choracte 
of the Address from 
Main Storage 



w 






Zone Bits 


Hex Digits | 


10 


40 


01 


80 


00 


CO 1 



Adjust Hundreds Zone 
Number by Amount 
Required 




CLF 106 1400 Address Indexing 



Charts 103, 104 



[^ io?;o3[^ mcho.,02 m 



QE071 
QElOl 



Op Format 

OP Op AAA I 

°P ^^ Op AAA I 
Op AA 



QEOll 
QE081 



Op Format 

Op D Op AAA D 



Chart 104 
QElOl 



V J Chart 103 
QE081 



I Op Format 

I Op AAA BBB D 




Op Code Decode and 
Address Test are 
on CAS Pages aE4n, 
421, 431, 441, 451, 
461, and 471. 




Row 


Significant Op 
Byte 


Instruction Name 


1401 
Sym. 


CLP 
Ch. 


Row 


Significant Op 
Byte 


Instruction Nome 


1401 
Sym. 


CLF 
Ch. 


Row 


Significant Op 
Byte 


Instruction Name 


1401 
Sym. 


CLF 
Ch. 


Row 


Significant Op 
Byte 


Instruction Name 


1401 
Sym. 


CLF 

Ch. 





0000 0010 


Halt 








0001 0010 


Move Digit 


D 




2 


0010 0000 


Control (Note I) 


U 


108 


3 


0011 0100 


Invalid 




155 





0000 0100 


Set Wordmork 


, 






0001 0011 


Move Zone 


Y 




2 


0010 0001 


*Read 


1 


108 


3 


0011 1010 


Bronch on WM/Zone 


V 







0000 0101 


Cleor 






0001 0100 


Address Modify 


# 




2 


0010 0010 


*Print 


2 


108 


3 


0011 1011 


Bit Test 


w 







0000 Olio 


No Op 


N 






0001 0101 


Clear Wordmark 


a 




2 


0010 0011 


*Read-Print 


3 


108 


3 


1011 0001 


Store A-Stor 


H 







0000 Olio 


Early Read (Note 2) 


8 






0001 Olio 


Edit 


E 




2 


0010 0100 


♦Punch 


4 


108 


3 


nil 0001 


Store B-Star 


Q 







0000 Olio 


Early Punch (Note 2) 


9 






0001 0111 


Move Zero Suppress 


Z 




2 


0010 0101 


*Read-Punch 


5 


108 
















0000 Olio 


Branch 


8 






0001 1000 


Add 


A 




2 


0010 Olio 


*Print-Punch 


6 


108 












1000 0000 


Move (Note 1 ) 


M 






0001 1001 


Subtract 


S 




2 


0010 0111 


*Read-Punch-Print 


7 


108 















1000 0000 


Move, Column Bin. 


M 






0001 1010 


Multiply 






2 


0010 0100 


•Punch Feed Read 


4R 


108 















1000 0000 


Move, Sterling 


M 






0001 1011 


Divide 


% 




2 


0010 1001 


Stacker Select 


K 


108 
























0001 1100 


Reset Add 


? 




2 


0010 1010 


Form 


F 


108 
























0001 1101 


Reset Subtroct 


I 




2 


0010 1100 


Control 


U 


115 
























0001 1110 


Move Record 


P 




2 


0010 1101 


Move 


M 


!I5 
























0001 1 1 1 1 


Compare 


C 




2 


0010 1110 


Load 


L 


115 
























1001 0000 


Load (Note 1) 


L 
















































*Note 3 

















I . If I O Operation Change Op Code L to 0010 1 1 I 0, M to 0010,1101, and U to 0010 1 1 00 

2. These Op Codes ore Handled as No Ops. 

3. This Op Codes Start with Bit Significant Byte as Shown. As the Op is Performed the Op Code is Changed 
to Indicate the First Pass or the Op Code has a D-Modifier, Also to Indicate when a 

Combination Op is Finished. 



Set Invalid Address 
in Decimal Format 



Change 1400 Op 
Code to a Bit 
Significant Op Code 



QEOll 




Setup Hex Address 
for A-Star 




Setup Hex Address 
for B-Star 




Find a Wordmark 
Do a 8 Character 
Op Decode 



To Stop Entri 



CLF 107 1400 l-Cycle End 



Invalid Stacker Select I 




Entered from l-CycU 



Chart 155 

From Intervention 
Required Stop 



Test Bit of Program 
Mode Switch Byte 



Chart 115 



QGOOl 



Test Program Mode Switch 
Byte to Determine if 
Operation is Allowed 



QG021 




This is Not a Decision 
in the Micro Program. 
It is Shown Here to 
Indicate a Different 
Micro Program Version is 
Used for 1402-03 than 
1442-43. 





Charts 151 and 154 



Set B-Star to Zero 
and Set Status Bit for 
Invalid B-Address 



Chart 155 



QF661 



Set l-Sfar from A-Star 



Corrbination Ops are 
Changed to Print, Read, 
or Punch Ops ond 
Executed One at a Time 
this Routine is Entered 
Each Time 



To Stort I/O 



.0 ^ 



QG591 
AC 



Chart 109 



Setup Command, Include 
any Skip-Space After 
Print Insturction. 




Print with Space 
Suppress 



QG511 




i R - Punch Feed Reo 
I C - Column Binary 



QG511 



Change Bit Significant 
Op to A4 



00511 



Setup Command 




QG581 



odei Address 
Low B-Star 



I QG58 




Set a Status Bit to 
indicate Column Bi 




Change Bit Signifi. 
Op to 31 



Set Bit of Punch 
Address Byte. (Used in 
Branch On Punch Error) 



Setup Command in High 
B-Star. Set Bit Oof Reader 
Address Byte to 1 



Set a Status Bit to 
Indicate Instruction Length 



To Start I/O Routine 



Set Service Out and 
Command Start 



|_OG591 
Chart 109 



Read Program Mode 
Switch I/O Trap Control 
te from CPU Storage 





YES ^^Al 




QG031 


Reset Poll Control, FA 
Registei' (Command Start), 
ond Selector Channel 
Request Latch (H5). 





Set a Status Bit to 
Indicate 51 Column Read 



Set Device Addr, 
Low B-Star 



To Start I/O Rout 



I Q G591 



Op Code Information 



Sequence of Operation for Combination Ops Is Print, Read, and Punch. 



Changes to Bit Significant Op Codes During Command Setup and Data Loop. Op Code Low Digit Equal Zero Ends Routine. 



1 400 Op Code 



Read (1) 



Print (2) 



Print, Read (3) 



Punch (4) 

Punch Col Bin (4C) 



Read, Punch (5) 



Print, Punch (6) 



Print, Read, Punch 
(7) 



Punch Feed Read 
(4R) 



Read Col Binary 
(lC-2540) 



Read Col Binary 
(lC-2501/2520) 



Starts as 21, at end of Read Data Loop Code Is Changed to 20. If an Invalid Character was found 
and the I/O Stop Switch Is On the Op Code is Changed to 21 . 



Starts as 22, at End of Print Data Loop Code Is Changed to 20. If Operational In Drops Du 
the Data Loop Code Stays 22 and a Stop Occurs. 



Starts as 23, at End of Print Data Loop Changes to 21 unless Operational In Drops During Loop. 
The 21 Causes a Read Routine to Start. End of Read Data Loop Change to 20 Unless Error Exists. 



Starts as 24, at End of Punch Data Loop Code Changes to 20 Unless Operational In Dropped 
During Data Loop or Lost Cord Punch had on Error Then Op Code Stays 24. 



Starts OS 25, End of Read Data Loop Code Changes to 24. If an Error hos Occurred and I/O Stop 
Switch Is On Op Code Is Changed to 25 Again ond Stops. No Error the 24 Cause a Punch Operation 
If Operational End Drops During Data Loop or Last Card Punched had an Error Code Stays 24, 
Otherwise Changes to 20. 



Starts OS 26, End of Print Data Loop Unless an Error Occurs the Op Code Changes to 24 and a 
Punch Operation is Performed. The 24 Changes to 20 Unless Operational In Drops During the 
Data Loop or Last Cord Punch was in Error. 



Starts as 27, End of Print Data Loop the Op Code Changes to 25 Unless an Error has Occurred. 
The 25 Starts a Read Operation; at the End of the Read Dote Loop the Op Code Is Changed to 24 
Unless an Error has Occurred and the I/O Stop Switch is On. The 24 Causes a Punch Operation 
to Start, at the End of the Punch Data Loop the Op Code Changes to 20 Unless an Error 
has Occurred 



Starts OS 24, the d-Modifier Causes the Op Code to Change to A4 then a Normal Punch 
Routine Is Started. At the End of the Punch Data Loop If an Error Situation has Occurred 
the Op Code Stays as A4 and a Stop Occurs. No Error, the A4 Chonges to 28 which 
Cause Read Operation to be Performed. If no Errors Occur During Read Operation the 
Op Code Changes to 20. If Error Occurred and I/O Switch On, Stop with Op Code 20. 



Starts as 21 . Note: Column Binary Read on a 2540 Requires Two Passes through the Read Data Loop: 
At the End of the First Pass (Information Entered into 401-480 and 501-580) the Op Code is Changed 
to 71 , if an Error Occurred on the First Pass and the I/O Stop Switch is On the Op Code Is Changed 
to 61 and then Fl . No Error or I/O Stop Switch Off Op Code Stays 71 . The Second Pass is 
Made Entering Some Information or Blanks into 0001-0080. Now if the Op Code hod Changed to 
Fl it will be Changed to 61 and a Stop Occurs, but if the Op Code was 71 Entering the 
Second Pass the Op Code Changes to 00. 



Starts OS 21 and is Changed to 31 to Indicate 2501/2520 which Only take One Pass to Enter 
Information (Only Enters 401-480 and 501 to 580). At End of Read Data Loop for Column B 
First Pass the Op Code is Changed to 30. If an Error Occurred During the First Pass the 
and the I/O Stop Switch is On the Op Code Is Changed to 21 and a Stop Occurs. 



CLF 108 1400 Reader, Punch, Printer Ops Decode 




Set a Regist 



QG541 



To Punch Data Loop 



CLF 109 1400 1402-1403 Ops 




Note: This Routine Receives the Data from the Reader 
Control Unit Buffer, Check it for Valid Informo 
and Store the Data in Main Storaqe. 



Readout Sense Switch 
Byte from CPU Storage 
and Set Bit On 




2501/2520 




Readout Sense Switch 
Byte from CPU Storage 
and Reset Bit 



Change Op Code 
31 to 30 Finished 



Change Op Code 
71 to 00 
F1 to 00 



n 




Change Op Code 
21 to 71 



Force Bit 1 

of Character Being Read- 
In On (No Wordmark) 
into a Hardware Register. 
(Used for Address on 
Table Lookup). 



1 Ch 


orocter 


s Enterir 


gore 




EBCDIC Except 


for 


j Co 


umn B 


nary. 





HB 
Chart 1 55 



QG561 



Readout Position of Main 
Storage Character will 
Enter 



Change Op Code 
21 to 20 Finished 
25 to 24 Punch 
28 to 20 Finished 




Reset Ending Indicators. 
Send Command Out 




QG561 



Change Op Code 
00 to 61 Second 
71 to 61 First 
30 to 21 First 
Send Service Out and 
Set Command Start 



4s>- 
O 
to 

o 

Q 
Q. 

O 
Q 



O 
O 





Readout I/O Error Byte 
from MPX Storage 
and Reset Bit 5 



Change Op Code 
61 to F1 



Send Service Out and 
Set Command Start 



Readout I/O Error Byte 
from MPX Storage and 
Set Bit 5 On (Reader 
Error) 



Do a Table Lookup to 
Change BCD Character 
To EBCDIC Character 



Send Service Out and 
Set Command Start 



Readout 1 400 Control 
Byte from CPU Storage. 
Test Bit (I/O Check 
Stop Switch). 



Setup to Change Main 
Storage Address for 
Next Column Binary 
Character Position. 



QG57I 



Setup Error Code 



AJ 
Chart 1C 



To General Stop 




If Character Readout 
from Main Storoge had a 
Wordmark, Add a Word- 
mark to the EBCDIC 
Character and Enter 
Character into Main 
Storage 




If Using 2540 Column 
Binary Requires Two 
Passes. First Pass Set 
Data in Column Binary 
Read-In Area in NPL. 
Second Pass Set BCD 
in Codes or Blank in 
Normal Read-In Area 



|51 Column Read; Use 
I Normal Read After Column 
14 Normal 



Enter a & (0101 0000) 
into Position 14 (Decimal) 
and Setup Ending Address 
in o Hardware Register 



Change Main Storage 
Address 



Change Main Storage 
Address 




QG56i 



Service Out and Set 
land Start. Set Ind- 
ts to Indicate End- 
ing Address Has Been 
Read Out 




Used on Second Pass of 
Column Binary and Some 
MLP Characters on 
Normal Read 



QG561 





1 QG561 


Do Table 


Lookup 


or 


Create a 


NPLCh 


□racter. 


Punched 




NPL 


8, 9, 1 




F1 


8, 9, 2 




F2 


8, 9, 3 




F3 




Store Character in Normal 
Read-In Position and 
Update Address to 
Next Position 



Address Change from 
400 Read In Area to 
500 Read In Area and 
Back Again for Each 
Card Column 



n 



O 

"O 

C 

o 



O 
CO 

-X3 

—i 

a 



o 
o 
-o 



Chart 109 
Punch 



Reset FB Register 
(Select Out) 



Change Op Code 


22 to 20 Finished 


23 to 21 Read 


26 to 24 Punch 


27 to 25 Read, Punch 



Send Service Out and 
Set Command Start 



AJ 
Chart IC 



Table Lookup Addresses 
are Developed so a 
Non-Printable Characte. 
is Changed to a Blank 




Note: This Routine Transfers the Data to the 
Punch Control Unit Buffer. 



Readout Characte 
be Punched 




Add 1 to Address. 
Remove Wordmark from 
Character if One Exists 



QG52I 



Remove Wordmark from 
Character if One Exists. 
Do a Table Lookup in MPX 
storage for BCD Code of 
the Character. Change 
Storage Address 



I Operationol In Dropped 



Test Bit of the 
Chorocter 



Do Table Lookup for 
Characters BCD Code 



1 (Fl) 




Send Ser' 
Set Comr 



ice Out and 
and Start 




Readout Punch Address 
Byte and Reset Bit 2 
(Error Bit) 



Readout Next Characte 
to be Punched 




Reset FB Register 
(Select Out) 



Send Command Out and 
Command Start. Restore 
Low B-Star to Ending 
Address. 



Set A Status Register 
Bit to Allow Address 
Change in Column Bii 



Reset FB Register 
(Select Out) 



Setup Error Code 



Change Op Code 
24 to 20 Finished 
A4 to 28 PFR-Reod 



To General Stop 



HB 
Chart 155 



<-^^ Operation 






QG521 


YES 




Set B-Star to Ending 
Address 












1 OG57 




Send Service Out and 
Set Command Start 




1 QG581 
1 AjJ 

Chart 108 





Instruction - Read (1 or lAAA) 
Bit Significant Op is 21 



c 



Setup Command Byte 
(D2 - 1101 0010) 



-| I QG591, 531 



Send Device Address, Check 
for Correct Device Selected 




QG521 
QE641 



YES QG531 



To General Stop Halt 



Setup and Issue Sense 
Command (04). Bring in 
Status and Test for Busy 




Send Service Out, Wail 
for Service In 



QG531 



Check for Bus Out Parity 
or Equipment Check, if 
Either Exist Set a Status 
Register Bit 



QG531 



Send Service Out, Wait 
for Status In 




Send Device Address, 
Check for Correct Device 
Selected 



Send Out Read Command 
(D2). Wait for Status In. 




For a 


2340- 


6 ms 


After the Read 


' Comn 


and is Issued the 


1 Read« 


rwill Feed the 


1 Next 


Cord and Fill the 


Buffe 


with New 


1 Infprr 


nation 



n 



to 



4^ 
O 

to 

(D 
Q 

a. 
O 

(D* 

o 



Send Service Out and 
Setup Main Storage 
Address to Equal 1400 
Address 0000 



Store a & (50) at 
0000 (1400 Address) 



ing i 



1 Chaiacter at 
om the Control 
Unit Buffer and Store 
in Main Storage at an 
Address Equal to 1400 
Address 0001 to 0081 . 
Leave Wo 



in Storage when Found. 
Change Invalid Chora 
to Blanks (40) and Set 
a Status Register Bit to 
Indicate an Error Exist 



icter 



51 Column Read 
the & at 0014 
(1400 Address) 



51 Column Read - Same 
Operation Except the 
Characters are Stored c 
0015 to 0066. When 
Column 65 is Reached 
the Read Op is Ended 



Rend 



Change MLP Charocteis 
to NPL Characters. V.'he 
Column 80 is Reached 
Set Commond Out to 
End Read Operation 



Column Binary 
(IC or lAAAO 
Bit Significant 
Op is 21 



Setup Command Byte 
2540 -E2 

2501/2520 -F2 







"T 


QG561, 571 


Wai 


for 


Stat 


js In, 


Test 


Uni 


Exc 


eption Bit. 


If O 


n, S 


et Bi 


t (Switch 


A) of the 


Sense Switch | 


Byte 


On 










1 QG571, 


51 


Check to 


See if Any 




Errors Ot 


curred During 




Read In, 


If so do a 




General 


Stop Holt. If 




Not Rest 


ore the A-Stor 





I QG031, QF 611, QEOOl 



Test Program Mode 
Switch if I/O Traps 
ore Allowed. If Instruct 
ion was lAAA, Setup 
Instruction Address to 
AAA. Check if on 
Interrupt Exist, If so 
Decode Interrupt. 
Otherwise, Readout 
Next Instruction 



c 



Do Next Routine 



J 



^-..^ 2501 


2520 


^ 


QGsn 


Change Op Code to 31 



Send Device Address, Check 
for Correct Device Selected 




QG521 
QE64] 



To General Stop Halt 



Setup and Issue Sense 
Command (04). Bring in 
Status and Test for Busy. 




Send Service Out, Wait 
for Service In 



Check for Bus Out 
Parity, or Equipment 
Check, If Either Exist 
Set a Status Register Bit 



Send Service Out, Wait 
for Status In 




QG591, 531 



Send Device Address, 
Check for Correct 
Device Selected 



Set Out C 


Dmma 


nd 


E2 or F2. 


Wait 


for 


Status In 








Send Service Out and 
Setup Main Storage 
Address to. Equal 
1400 Address 401 



Read Column Binary Operation Using a 2540 

Requires Reading Out the Buffer Twice, 

So Two Passes are Made thiough the Routine. 



Send Bits from Buffer 
(12-3 Rows) and do a 
Table Lookup to Ch. 
the BCD Code to NPL 
Chaiacter and Stare. 
Change Main Storage 
Address to Equal MOO 
Address 501-2-3—80. 



nge 



Send Bits from Buffer 
(4-9 Rows) and do a 
Table Lookup to Change 
BCD Code to NPL 
Character and Store. 
Change Main to Equal 
1 400 Address 40X 



QG561 



Repeat the Above Two 
Steps Until the Control 
Unit Sends Unit Status 
In. If Stotus - In and 
Service - In Come in 
at the Some Time a 
General Stop Holt will 
Occur 



Test Unit Exception Bi 
to See if Last Card 
Has Been Read. If it 
Has Turn On Bit of 
Sense Switch Byte 




Change Op Code 31 
to 30 



Check if c 


,n Unit Check 


Exist, If so See if the | 


I/O Stop 


Switch is On. 


If On, go 


to o General 


Stop Halt 


and Change 


Op Code 


o21. 


Otherwise 


go to the End 


Reod Rout 


ne 



Change Op Code 21 
to 71 . Test for Unit 
Check. If One Exist 
Check the I/O Stop 
Switch. If On, Char 
Op to Fl and do the 
Second Pass. If no 
Error or I/O Switch 
Off Do Second Pass 



QG591, 031 
QF661, QEOOl 




Restore the A 
Test Mode Sv\ 
I/O Traps ars 
If Instruction 
lAAAC, Setup 
Instruction Address 
to AAA. Check if i 
Interrupt Exists, if 
so Decode Interrupt. 
Otherwise, Read Out 
Next Instruction. 



QG581 
QG5H 



Setup Read Command D2 



Send Device Address, 
Check for Correct Device 
Selected. 



! Start Second Pass. The 

j Second Pass Does the 

I Operation of a Normal 

I Read. 



Send Out Read Command 
(D2). Wait for Status In. 



6 ms After this Command 
is Received the Reader 
will Feed the Next 
Cord and Fill the Buffer 
with New Information 



Unit Check or 



QG571 
QE641 



^^^ 


^^^ 


NO 


QG611 
QG541 


Send Service Out ond 
Setup Main Storage 
Address to Equal 1400 
Address 0000 



To Intervention Require 
Halt 



^ 



Store a & (50) at 
0000 (1400 Address) 



QG561 



The Two BCD Characters 
Per Column are Received 
as a NPL Character. 
This Character may be 
Legal, If so it is Stored 
in Main Storage in the 
Normal Read- In Area 
0001 - 0080(1400 Address) 
If not the MPL Chorocte 
is Changed to a Blank 
(40) MPL and Stored. 



Wheno B 


:>dNPL 


Character 


is Received 


1 the Status 


Register Bit 


1 is Set to 1 


ndicate a 


1 Bad Character, but it | 


1 is not Tes 


ed Later on. 



QG56I 



When Column 80 is 
Reached Send Command 
Out to End Read 



Test 


Un 


t E 


xception Bit 


toS 


ee i 


f Lost Cord has 


beer 


Read. 


If it has 


Turn 


Or 


Bi 


of the 


Sense S 


witch Byte j 



Check to if an Error 
was Recognized at 
the End of the First 
Pass and the I/O Switch 
was On. If so. Change 
Op Code to 61 and 
do a General Stop Halt. 
If no Error, do the 
End Routine, Change 
Op Code to 00. 




3 



n 



Ca> 



o 

C 

o 

zy 

o 

<d' 
o 

-f 

<* 



Instruction - 4, 4AAA 

4AAAR._. 

Device "2540 




QG511 



Cl-ionge Op Code to A4 



QG511 



Set up Command Byte 
Punch XXOlOOOl 
PFR XXOllOOl 



QG511 



Setup Device Addres: 



I Bits and 1 are Setup ir 
I the Stacl<er Select Byte 
I During K Instruction. 
I Bit 3-Couses Last Card 
I Punched to be Selected 
I Bit 4-Allow PFR Brush 
I to be Hot 
I Bit 7-Write (Punch) 



QG59I, 531 



Send Device Addres 
Check for Correct 
Device Selected 




To General Stop 



QG531 



Setup and Issue Sense 
Command (04). Bring 
Status and Test for Busy 




Send Service Out, Wait 
for Service In 



QG53I 



Check for Bus Out Parity 
or Equipment Check If 
Either Exists Set a Status 
Register Bit 



QG531 



Send Service Out, Wait 
for Status In 



QG59] 



Send Service Out. If an 
Error had Occurred Check 
the I/O Stop Switch. 




To Error Stop 



QG59I, 531 



Send Device Address, 
Check for Correct 
Device Selected 




QG541 



Send Service Out ond 
Setup Main Storage 
Address to Equal 1400 
Address 0100 



Reset Stacker Select 
Byte. Store a 0(FO) < 
1400 Address 0100 



Read a Character Out of 
Storage, Remove Any 
Word Marks Before Send- 
ing to the Buffer. Send 
the Character to the 
Buffer. When the End of 
Buffer is Reached Stotus 
In is Received Ending 
the Transfer 



Status is Checked to See 
If an Error Occurred on 
Transfer of Information . 
Reset PFR Error Indicators 




Chann 


= 1 End 


is Up at 


this 


Time a 


nd the 


2540 Fe 


eds 


the Ca 


rdsan 


d Punchs 




If PFR 


s Beir 


g Done 


the 


Card i 


Read 


at this T 


ime 



Set B-Star to Address of 
Last Character Readout. 
Change OP Codes 24 
(Punch) to 20 and A4 
(PFR) to 28 



QG571,581 



Send Service Out 



T QG511 


Check the Op Register 


Op Code 20 Indicates 


Operation Completed. 


Op Code 28 Starts Setup 


of Read Command for the 


PFR Instruction to Bring 


in the Data 




Restore A-Star from MPX 
Storage . If Branch Ad- 
dress is in Instruction 
Set B-Star from I Star . 
Then l-Star from A-Star 
and Return to I Cycles 



c 



Do Next Routine 



Setup the Reud Com, 
(C2i Byte 11000010 
Set Bit Oof the Puik 
Address Byte On . Si 
Device Address 



I QG591, 531 



Send Device Addre 
Check for Correct 




To General Stop 



Setup and Issue Sense 
Command (04). Bring 
in Status, Test for 




De 
Un 


il Pu 


«ill be Busy 
nching is 


Completed and Card 
has been Reod into 
the Buffer 



Send Service Out 
Wait for Servi 



Check Bus 
or Equipme 
If Either E 


Out Pa 
nt Chec 
<ists Set 


ity 


Status Reg 


ster Bit 





Send Service Out 
Wait for Status In 



Send Service Out If an 
Error has Occurred, Set 
Bit 2 of the Punch Ad- 
dress Byte On 






I Yes QG591 


Set Bit 

dress B 
I/O Sv 


2 of P 
yte On 
vitch 


unch Ad- 
Check 




QG591, 531 



Send Device Addre 
Check for Correct 
Device Selected 



Send out Read Command 
(C2), Wait for Status In 




Bring in 1 Character at 
Time from the Control 
Unit Buffer and Store in 
Main Storage at Addres- 
ses Equal to 1400 Ad- 
dresses 0001 to 008! . 
Leave Word Marks in 
Storage when Found. 
Change Invalid Char- 
actors to Blanks (40) one 
Set a Status Register 
Bit to Indicate an Error 
Exists . Send Com.mand 
Out at Column 80 to 
Bring Status In 



1 QG561, 571 


Change Op Code 


28 to 20. 


Wait for Status In 




If Any Errors Occ 


urred 


During Read-In a 


nd the 


I/O Stop Switch 


s On Do 


a General Stop. 


If Not 


Restore the A-Sta 


■•• 



If 1 


rstructio 


n In 


eluded a 


Bra 


ch Add 


ess 


Set B- 


Star 


from 1- 


Star 


and 1- 


Star 


from A 


-Sta 


r Return 


to 1 


-Cycles 







( Do Next Routine ) 



Instruction - 4C__ or 4AAAC 
Device - 2540 



1 QG511 


Setup Command for Punch 
Column Binary XXI 10001 




QG511 


Setup Device Address 






1 


QG59I, 531 


Send Device Address 
Check for Correct 
Device Selected 





Bit and 1 - Stackers 




Bit 2- Column Binary 




Bit 3 - Stack Last Cord 




Punched 




Bit 7 - Write (Punch) 



Setup and Issue Sense 
Command (04). Bring 
Status and Test for 
Busy . 




Send Service Out, Wait 
for Service In 



1 QG531 


Check for Bus 


Ol 


t Parity 


orEqL 


ipment 


Check If 


Either 


Exists, 


Set 


a 


Status 


Registe 


r Bit 



Send Service Out, Wait 
for Status In 



I QG591 


Send Service Out. If an 
Error had Occurred 
Check the I/O Stop 
Switch. 




QG591, 531 



Send Device Address 
Check for Correct 
Device Selected 



Send Out Punch Com- 
mand Wait for Status In 




CTo Intervention ^ 

Required Holt ) 




J 



Send Service Out and 
Setup Main Storage 
Address to Equal 401 



Reset Stacker Select 
Byte 



Readout Character from 
401, do Table Lookup 
and Change to BCD Code 
Send BCD Character to 
Upper Half of Buffer 
Column 1 . Readout 
Character from 501 do 
Table Lookup and 
Change to BCD Code . 
Send BCD Character to 
Lower Half of Buffer 
Column 1 . Repeat for 
402 and 502 to Column 
2 Etc, Until 480 and 
580 ore in the Buffer . 



Bring in Status and Test 
for Errors in Transfer . 



Errors Cause a General 
Stop. No Errors the Op 
is Changed to 20. 



Send Service Out 



The Op Code of 20 
Indicates End of Op 



QG591 



Restore A-Star from MPX 
Storage. If Instruction 
Included a Branch Ad- 
dress, Set B-Star from 
l-Star and l-Star from 
A-Star . Return to 
l-Cycles . 



c 



Do Next Routine 



3 



Forms Instruct!. 
Device 1403 



o 



4^ 
o 

00 
Tl 

o 

3 

Q 
Q_ 



o 

o 

-f 

<* 



QG581 



This Command wilt be 
Combined with the Next 
Print Command 



Check to See if the In- 
struction is a Space Skip 
immediate or a Space 
Skip After Print 



QG581 



Setup Command and Store 
in MPX Storage 



Check to See U instruc- 
tion was FAAAd . If so 
Set a StaFus Register Bit 




Setup Command (Control) 
and Device Address 



QG591, 531 



QG531, QF6n 



If Instruct 


on was FAAAd, 


Set B-Star from l-Star and | 


B-Star fro 


r A-Star . 


Check if a 


n Interrupt 


Exists, If 5 


o Decode the 


Interrupt . 


Otherwise 


Readout Next Instruction 



Send Device Addr( 
Check for Correct 
Selected 



f Do Next Routine J 




Setup and Issue Sense 
Command (04). Bring in 
Status and Test for Busy 



Send Service Out Wait 
for Service In 



Set a Status Register Bit 
If Channel 9 has been 
Sensed 



Check for Bus Out Parity 
or Equipment Check if 
Either Exists Set a Status 
Register Bit 




QG531 



Send Service Out, Wait 
for Status in 



Readout Temporary Fori 
Byte . Check if Last Co 
mand was a Skip . If so 
Set Byte Bock without 
any Change 




Set Bit 2 of the Printer 
Address Byte On . Check 
the I/O Stop Switch, If 
on Go to Error Slop 



Che 


ck if Channe 


1 12 has 


bee 


n Sensed . Re 


et the 


Cho 


nnel 9 and 12 Indi- 


cotors in the Terr 


porary 


For 


n Byte 





Send Device Addre 
Check for Correct 
Device Selected 



Send out Form Command 
XXXXXOl 1 . Wait for 
Status In. 






ReocJout and Set Tempo- 
rary Form Byte. If Chan- 
nel 9 has been Sensed, 
Byte is Set to 00001011, 
Otherwise it is 00001010 
If this Command is not 
Space Suppress Change 
Byte to 00001001 or 
OCOOl 000 



:>Kip 


-^ 


QG611 




Check if Command is 
Skip to Channel 9. If so 
Set Temporary Form Byte 
to 00001011 If it is Skip 
to Channel 12 Set Byte 
to 00001110 
For All other Skips Set 
Byte to 00001 01 









Reset Select Out Se 
Service Out ond Co 
mand Start 



Check to See 


•f Instruc- 


tion V 


as FAAAd . If so 


Set B 


Star fro 


•n l-Star 


and 1 


Star fro 


n A-Star. 


Check if on In 


terrupt 


Exists 


, If so D 


ecode 


Interr 


upt othe 


wise 


Reodc 


ut Next 


Instruction 



Do Next Routii 



J 



Print Instruction - 2, 2d, 2AAA, 
Device 1403 



c 



J 



QG511 



Setup Command by 
Combining the Temporary 
Form Byte with Present 
Command. If Instruction 
has a d-Modlfier of S 
(Space Suppress) Com- 
mand is 00000001 other- 
wise the Command is 
XXXXXOOl 



QG511 



If the d-Modifier is a H 
(Print Wordmorks) Set a 
Status Register Bit and 
Device Address 



Send Device Address 
Check for Correct De 
Selected 




Stop 



Setup and Issue Sense 
Command (04). Bring 
in Status and Test for' Bus 




QG531 



Send Service Out, Wait 
for Service In 



Set a Status Register Bit 
if Channel 9 Has Been 
Sensed 





|Yes QG621 


Readout Ten 


iporary Form 


Byte . Chec 


c if Last Com- 


mand was a 


Skip. If so 


Set Byte Ba 


;k without 


any Change 





QG53! 



If a Bus Out Parity, Equip- 
ment Check, Data Check, 
or Parity on UCB Feature, 
Set a Status Register Bit 



QG531 




Send Service Out, Wait 
for Status In 





No 


QG621 


Check if Channe 


1 12 


has been S 


ensed 


. Reset 


the Chann 


^l 9 a 


nd 12 


Indicators 


in the 




Temporary 


Form 


Byte 



If E 


ror ho 


Occurred 


Check the 


I/O Stop 


Swi 


ch. It 


on Go to 


Erro 


r Stop 


otherwise 


Con 


tinue 





Sen 


d Dev 


ce Address 


Ch€ 


ck for 


Correct 


Device Se 


lected 



Send Out Print Command 
00000001 or XXXXXOOl 
Wait for Status In 




Test for Spoce or 
Skip Command 



QG6n 




Skip 



Readout and Set Tempo- 
rary Form Byte . If 
Channel 9 has been 
Sensed, Byte is Set to 
00001011, otherwise it 
is 00001010. If this 
Command is Not Space 
Suppress Chonge Byte to 
00001001 or 00001000 



Check if Command is 
Skip to Channel 9. If so 
Set Temporary Form Byte 
to OOOOlOll If it is Skip 
to Channel 12 Set Byte to 
to 00001110. For all other 
Skip Set Byte to 00001010 



]_[ 



Setup Address Equal to 
1400 Address 201 and 
Reset Error Bit in Printer 
Address Byte 



QG541 



Check If Machine is 100 
or 132 Print Position and 
Setup Ending Address of 
the Field 



Send 1 Character at a 
Time to the Print Buffer. 
If Necessary do a Table 
Lookup to Send Correct 
Character 



QG551 



If Instruction is Print WM, 
Check each Character 
for a wm . If a wm is 
Present, Send the Char- 
acter 1 (Fl) to the Buf- 
fer. Otherwise Send a 
Blank (40) to the Buffer . 



QG551 



When End of Field is 
Found, Set Command Out 
and Bring Status In . Reset 
Select Out 



Change Op Code 22 to 20 



QG551 



Set Service Out and 
Command Start 



QG591 



Restore A-Star . Check if 
Instruction was 2AA or 
2AAAd. If so Set B-Star 
from the l-Star and the I 
l-Star from A-Star, 
Check if on Interrupt 
Exists, If so Decode 
Interrupt. Otherwise, 
Readout Next Instruction 



f Do Next Routine ) 



Test Bit 2 of l,'0 
Error Byte 



^^ YES 






QG041 


Set Up Corrimand Byte 
for Erase (17) 




Chart 124 Ch, 

SELECTOR CHANNEL MULTIPLEXOR 



Store Command Byte 
in MPX Storage 



To Selector Channel 
1400 Tope Routines 



To Multiplexor Channel 
1400 Tope Routines 



SA 

Chart 121 



I MA I 



QG761 



CLF 115 1400 Tape Common, Branch on EOF 



n 



o 



4^ 
O 
O 



Q 
(D 

o 

<D* 
O 
-*■ 

<* 



c 



Decode Op Code 
L=Load (2E) 

M=Move (2D) 
U=Cont,ol (2C1 




QG041 



Decode d -Modifiers 

A -Diagnostic Read 

B- Backspace 

E-Erose 

M -Write Tapemark 

R -Rewind 

U Rewind and Unload 



Set Eiose Bit On and 
Store in MPX Storage 



Reset Erase Bit 
Store Starting Adrdes; 
in O-Star. Setup 
Command 02 



Setup Erase Command ]7 



;i 



Setup Write Command 01, 
Set Write Bit. 



a: 




Store End of File Bit 



A Mode Set Command 
is Given First for all 
7 Track Operations and 
for all 9 Track Write 
Commands, Also a 9 Track 
Read Preceeded by a 
Backspace. 



QG051 



Set a Status Register Bit 
to Remember this is a 
Track in Error Request 



Remember Address of 
First Data Byte. Store 
Command in MPX Storage 




.sue Mode Set 
Command or Track 
in Error Request 







Setup 


to do Mode 


Set 


Comm 


ond 


f 7 Track 1 


Opo 


9Tr 


ock Wi 


ite. 


Also 


or Ti 


ock in 


Error 



Take Control of Polling 
and Set Device Address 



Issue Command of 
00 and Test Status 



Short Busy; Status In 
Response to Address Out 




ention Required 



Issue Command 



Reset Erase Bit. Store 
Backspace Last Op Bit. 
Setup Command 27 



Reset Erase Bit. 
Forward Space R. 
this Time Bit On. 
Setup Command 37. 




QG041 



Reset Erase Bit. Setup 
Rewind Command 07. 
Set WTM Bit. 



Reset Erase Bit. Setup 
Rewind Command 07. 
Setup EOF Block Bit 
Mask . 



Reset El 
Rewind 
Comma. 
EOF Bl( 



ase Bit. Setup 
and Unload 
id OF . Setup 
)ck Bit Mask . 



Reset Backspace Last 
Op Bit and End of File 



Setup Density and 
Redundancy Bits. Set 
7 or 9 Trock Bit 




' Track in Error Used 
' for 9 Track Drives Onl 



Find Third Sense Byte ond 
Store in MPX Storage 





Status is 00 for a 9 Track 
Read, Sense, or Track 
In Error Commands 



Exit for 9 Track 
Control Commands 



NO I 



Busy Bit Should Never 
be On at this Time. If 
it is, the Micro Program 
will Probably Stay in the 
Test I/O Loop 



Exit for 7 Track 
Control Commands 




This is Done to Force a 
Test I/O Command on < 
Branch on Error Op to 
Bring in Outstanding 
Status 



.J 



Jest J> 




QG78I 


Readc 

Byte 

Unit. 


ut Track in Error 
and Send to Control 
Do Read Command 




QG78I 



Do Read Loop 



QG811 



Issue Command Out 
Wait for Status In 




Do Write Loop 



NO QGBIl 



Store Tapemark Followed 
by a GMWM i n Read-In 
Area 



Store Tapemark in 
Read-In Area 



Setup to do o Track in 
Error Sense Command 04 



Reset Erase Bit . Retui 
to l-Op Position of 
Write Instruction 




Set End of File Bit On 
for this Unit. Reset EOF 
Block Bit. 



Set A and B Stars 
Invalid Indicators 
Return to l-Cycles 



QG841 



Update O-Star, Set 
A-Star Invalid Indicator 



Return to l-Cycles 



f Do Next Routine ) 



( Do Next Routine j 



TAPE 

MULTIPLIER CHANNEL 



Set 


up Bio 


:k B'lt Masx 


1 QG82I 


Read 


out B 


ock Bit Byte. 



I-Cycles 
BRANCH ON ERROR 




Chart ]]9 



CLF 117 1400 Multiplexor Setup, Branch on Error 



READ-MOVE 

f^Q Chart 117 



Readout Main Storage 
Position Tope Character 
Enter 



End of Read In Area 



1 




YES /j;a 

QG801 




Set Command Out and 
Command Start 



Set Character from Tap 
into Storage without a 
VVordmark 




Set Charcter from Tope 
into Storage with a 
VVordmark 



Update Main Srorage 
Address 



Test by Checking Bit 1 
of Last Character Read 
from Tope 




Set Status in the Op 
Register with Bit 6 
(Unit Check) On 



Set Status In the Op 
Register 







YES ^-^ 

— C die 




1 


QG811 




Set Service Out and 
Command Start 




Set Service Out and 
Command Start 




Store Tapemork In Main 
Storage and Read Out 
Next Position 



QG81 



Reset Unit Exception Bit 

In Status Byte In the Op 
Reoister 



n 



Set Service Out and 
Command Start 



Set Units Excepti 
On in the Status Byte 
in the Op Register 




Chart 117 
MC 



Chart 117 
READ-LOAD 



Setup Op Register to 
Recognize Initial Program 
Load. 



End of Record on Tape 



Reset Select Out 




Reset Select Out 



Setup Error Code 



To Tape Stop 



Readout Main Storage 
Position Tape Character 
Will Enter. Check Bus In 
for Word Separator. 
Increase Main Storage 
Address b\ 



QG802 



QE651 




Store Bus In Character 
with WM in Main Storage 



Decrement Main Storage 
Address by 1 




Store Bus In Character 
in Main Storage 



-^> 



Set Status in Op 
Register with Bit 6 
On or Off. 




Reset Select Out 



Send Command Out and 
Command Start (Discon- 
nect Control Unit) 



QG831 



Setup Main Storage 
Address of First 
Character Received 
from Tope in A-Star 



QG831 




Start Setup of l-Star 
to 1400 Address 0001 



Setup Low Portion of 
Address in 1-Star 



Readout First Character 



ML 
Chart 119 



QG802 



Setup to Force Unit 
Check Bit On 



Decrement Main Storage 
by 1 to GMWM 



CLF 118 1400 Multiplexor Read 



WRITE 



Chart 117 



J^ 



QG791 



Readout Character to be 
Written 




QG791 



Setup Error Code 



jN!G791 








s In Up 


Servic 


QG791 
e In Up , 


^ NO 



To Tape Stop 



[HA 
Chart 155 



Set Status Byte in Op 
Register to 00 



Readout Tape Unit Control 
Byte Address (Temporary) 




Read Out Tape Unit Ctrl 
Byte Address (Temporary) 



Re 


3doi 


t Tape 


Un' 


t Control 


By 


a a 


nd Set 


End 


of File 


(Bi 


t3) 


On 











|YE5 


QG841 


Read Out 
EOF Block 
Drive . 


and Reset the 
Bit for Selected 



QG841 



ReadOutTape Control Unit 
Control Byte and Update 
Last Tape Unit Address 



QG841 



Update Byte in Storage to 
Indicate Forward Space 
Last if this was a Forward 
Space this Time. 




et l-5tar to Beginning 
f Op Code to do Write 
Op Again 



Reset the Forward Space 
this Time, Forward Space 
Last Time, and Erase Flags 



Store Updated Byte 



Store Status in CPU 
Storage 




Setup Error Code 



QG83I 



To Tope Stop 



Update and Store O-Star 



HAl 
Chart 155 



QG791 




Set Bus Out Control, 
Service Out, and 
Command Start 



Set Bus Out Control, 
Service Out, and 
nd Start 



Setup to Send a Word 
Separator Character. 



Chart 117 
MB 



QG031 



Read Out Programs Mode 
Switch Byte Test Bit 5 



QG031 




Set Main Storage Address 
to Character Just 
Readout 



Set Bus Out Control, 
Service Out, and 
Command Start 



QG03 



Reset Poll Control, FA 
Register and Selector 
Channel Request Latch(H5) 



Chart 115 



To Interrupt Decode 





Test Bit 1 of 1400 Control 
Byte 



Set B-5tar from l-Star 



Set B-Stor to Zero. 
Set Status to Indicate 
Invalid B-Stor 



Set l-Star from A- Star 



CLF 119 1400 Tape - Multiplexor Write, Tape Ending 



c 



3 



QG001,0n 



Decode Op Code 
L=Load (2E) 
M=Move (2D) 
U=Confrol (2C) 



QG001,0n 




I QG04 1 

Decode d -Modifiers 

A=Diagnostic Read 

B=Bacl<space 

E=Erase 

M=WrIte Topemark 

R=Rewind 

U=Rewind and Unload 



QG041 



QG041 



Decode d -Modifiers 

R=Read 

W = Write 



Set Erase Bit On and 
Store in MPX Storage 



Reset Erase Bit 
Store Starting Address 
inO-Stor. Setup 
Command 02 




QG041 



Reset Erase Bit. Store 
Bacl<space Last Op 
Bit. Setup Command 27 



QC041 



OG041 



Setup Erase Command 
17 



QG041 



Setup Write Command 01, 
Set Wr Bit. 




Reset Erase Bit. Set 
Forward Space Record 
this Time Bit On. 
Setup Command 37 



Reset Erase Bit. Setup 
Write Tapemarl< Command 
IF, SetWTMBit. 



Reset Error Bit, Setup 
Rewind Command 07. 
Setup EOF Block Bit 
Mask 



QG041 



Reset Erase Bit. Setup 
Rewind and Unload 
Command OF . Setup EOF 
Block Bit Mask. 



Reset Backspace Lost 
Op Bit and End of 
File Bit. 



Reset Bit in Tape Control 
Byte. Set Indicator Bit 
to Remember Last Op 
was a Backspace . 



QG051 



Setup Density and 
Redundancy Bits. Set 
7 or 9 Track Bit 



QG051 



A Mode Set Command 
is Given for all 7 Track 
Tape Operations and 
for all 9 Track Tape 
Write Commands or 
Read Commands Preceededj 
by a Backspace Op. 




Set a Status Register 
Bit to Remember this 
is a Track in Error Request 



QG051 



Remember Address of 
First Data Byte, Store 
Command in MPX Storage 



QHOOl 



Setup to Use Channel 
1 or 2 




Ready to Issue Action 
Command 



QH041 



Set l-5tar to l-Op 
Position of this 
Instruction 



QH041 



Intervention Required - 



Set l-Star to Op Code 
Just Read Out 



u 



Setup to Prevent 
Interrupts and Setup 
Device Address 



Go to 1 -Cycles to A 
Clear Interrupts J 



QHOll 



Attempt to Set Poll 
Control 



I May be Necessary to 
I Queue Last Device 
I Status. 



Setup a Control Unit 
Busy Condition so Lost 
Unit can be Selected 
and Status Cleared 




QH071 




Set A-Star Invalid 
Indicator Return to l-Cycle 
Reset EOF Block Bit. 



Do Next Routine 



Status was Received in 
Answer to Address Out 



QH021 



Record Read was a 1 
Character Topemark 
Record 



QH081 



Store GM With or 
Without Wordmark in 
Next Main Storage 
Location 



Redundancy i 



Topemark Record 





YES.,^^ 






QHlOl 




Z^ 


Force Unit Check Bit 
On in Last Status 
from Control Unit 




NO 










QHlOl 







QHlOl 



QH031 



Setup Selected Drive 
Control Byte Set EOF 




Setup Status Byte 



Setup Sense Command 04 



Setup Address of Tape 
Unit Wanted 



c 




Tope Stop 



Return to l-Cycles 



Set End of File Bit 

pe Unit Addressed 



Set B-Star into O-Star 

1 



c 



Do Next Routine 



CLF 120 1400 Tape - Selector Tape Objectives 



Chart 124 



^ 



Tape Start- I/O for 
Selector Channels 



I 5A Chart 115 

QHOOl 



Test Bit 6 of the 
1400 Control Byte. 




Set Op Register to 
00 



Set Op Register to 



Test Status Byte Bit 3 



Store Device Addi 
in MPX Storage. Set 
Channel 1 Latch 



Chart 124 
SR 



Test Bit 3 of the 
GT Bus 



Busy-Go to l-Cycle^ Entry' 
to Clear NPL Interrupts. 
Erase-Go to l-Cycle and 
Setup to do a Write 
Instruction^ 



SK J BUSY/ERASE 




^ 


QHOOl 


Store Device Address 


in MPX Storage. Set 


Channel 2 Latch 



FROM 
MODE SET 



QHOOl 



Turn On Selector Channel 
Request Latch, Reset 
Channel, and Turn On 
Suppress Out. Set 
Device into a Hardware 
Register. 



Chart 124 
SW 



QHOOl 



Attempt to Set Poll 
Control 



Readout Program Mode 
Switch Byte, Test Bit 5 




Send Service Out, Reset 
Channel and Poll Control 



To Tape Stop 



Reset Selector Channel 
Request Latch 



HA 

Chart 155 




To Interrupt Decode 



To l-Cycle 



eset Suppress Out 





YES QHOII 



Send Command Ou 



Setup Last Tape Uni- 
Used Device Addr^ 




Store Device Addr. 
in MPX Stoi-ag 



Send Command Out 
(Queue Status at Device) 



Set Bus-Out Control 
and Send Address Out 



Set Select Out 





Test Bit 7 of Status 
Byte. Readout Byte 
of Tape Control Word 



QH031 



Test Bit of the I/O 
Error Byte 



Reset Bit of I/O 
Error Byte 




QH021 
QH04I 



Setu 


p 8E 


in a Hardv 


are 


Reg 


ster 


Set a Stat 


us 


Req 


ster 


Bit to Indie 


ate 


Inte 


ven 


Ion Required 



Reset Select Out 





Reset Select Out, Set 




a Status Reqister Bit 




to Indicate Control 




Unit was Busy 








J 


QH031 


NO 


^^ Sta 

:^lnand O 


us ^~\^ 



To Tape Stop 



Store Command-In 
MPX Storage 



Reset Addr 


=ss Out 


1 QHOOl 


Set Suppr 


ess Out 




Set Command in GR 



I Control Unit Busy 

I Sequence Causes Last 

I Unit Selected to be 

I Addressed and Status 

I Cleared 

I 



Set GR to 00 
(Command will be 00) 
Test I/O 



Set Bus-Out, Send 
Command Out 




Issued to Clear Status I 




Reset Select Out 



QH031 



Reset Bit of I/O Error 
Byte. Test Bit 4 of the 
Status Byte. 



QH031 



Reset Select Out. Read 
Out Last Addressed 
Tape Unit Control Byte 
and Set the End of 
File Bit (Bit 3) On 




Reset Select On 











Sens£ 


Com 


•nands are 




Issue 


dOnI 


y for 




9-Trc 


ck Re 


ad Operat 


ion 


with 


an Er 


or 






Readout Last Status Byte 
from Tape Control Unit 




Set Status Byte 
to 00 



Store Stalus Byte and 
Setup Tope Control Unit 
Byte Address 



QH041 



Change Lost Tape Unit 
Addressea Byte to Address 
of Present Tape Unit 







1 


This 


is Done 




Test 


I/O Operation on | 


a Branch on 


Error j 


Insir 


uction. 


Test I/O 1 


will 


Bring i 


n Outstanding 1 


Stat 


JS 





Test Status Byte Bit 4 



Send Service Out 





QH041 



Set 8E in a Hardware 
Register, Set a Status 
Register Bit to Indicate 
Intervention Required 







Char 


V 1 

124 1 


Al 


Contro 


Comm 


ands 1 


an 


i Mode 


Set 




Co 


mmonds 


Except 


° \ 


Trc 


ck in E 


ror 





QHOOl 



Reset Select Out 



I Sense Command Setuf 
I Due to Unit Check 
I During a Read On a 
] 9 Track Tape Unit 



Sense Command 



Set Bus-Out Control 
Send Service Out 





.VEN ^ 


Odd or 
Redund 


Even 
ancy 


^^--.^ ODD 






QH051 


^ 


QH051 


Setup Register to 
Recognize Even 
Redundancy 


Setup Registers to 
Recognize Odd 
Redundancy and 7 or 9 
Track Tape Unit 














Reset Select Out, 
Readout Next Command 
from MPX Storage 



In^iSrviSSOUf 





Reset Channel and 
Turn Suppress Out On 



To Write - Load 



To Read - Load 



SF 

Chart 122 



CLF 121 1400 Tape - Selector Setup 



READ-LOAD 

SF I Chart 121 



Readout First Character 
from Tape Read In Area 



►♦■ 



Status In Up-Service In 
Down Indicates Device 
Ending First 




Setup Stop Code 



Remember what Bit 1 of 
Last Character Read 
from Tape was (0 or 1 ) 



To Tape Stop 



AA 

Chart 155 



Tape Record is a 
Tapemark (End of Fi 




GMWM Found at this 
Time Means Device and 
Channel Ended Together 



Add Workmark to the 
Character Just Read In 
and Store in Main Storage 




GMWM Indicates 
Channel Ending First 



QH091 



Store Character Read In 
in Storage 



Store Character Just 
Read In in Position 
of GMWM 



QH09I 



1 If Record is; 


Store 


I 1 WS2 


1 2 


1 1 WS WS 2 


1 WSi 




Change Main Storage 
Address to Position of 
GMWM 



Set an Indication of 
No Word Separator Last 



Send Command Out. 
Set GMWM Back 
Into Main Storage 



Set an Indication of Won 
Separator Last. 



READ-MOVE 

SE I Chart ]21 



QH091 



Set an Indication of 
Word Separator Last. 
Set Main Storage Address 
to Last Character 
Stored 



Readout First Character 
from Tope Read In Area 



QH081 



Set Tape Mark Character 
with Wordmork Into 
Storage If Character 
Readout of Storage had 
a Wordmark. Otherwise 
Set a Tapemark without 
a Wordmark Into 
Storage 



H 



Set Tapemark Character 
without Wordmark in 
Storage 



Readout Next Character 
from Storage 



Setup Stop Code 




To Tape Stop 



QE651 



QH081 



St 


xe G 


oup Mark 


w! 


fhout Wordrr 


ark 


St 


Drage 







QH081 



Store GMWM in Storage 



Store a Group Mark 
In Storage with a 
Wordmark If the 
Character Readout had 
a Wordmark. Otherwise 
Store GM 



I Ql 

Chart 155 




GMWM Indicates 
Channel Ending First 



Remember what Bit 1 
of Last Character from 
Tape was (0 or 1 ) 



Test Bit of Command 
Stored in MPX Working 
Storage 




QHlOl 



Test to See If Record 
was Written in Odd 
Parity by Testing Bit I 
of Last Character Read 



Test to See if Record 
was Written in Even 
Parity by Testing Bit 1 
of Last Character Read 




QHIOI 




QH081 



Write Character Read 
from Tape into Main 
Storage without a 
Wordmark. 



Write Character Read 
from Tape Into Main 
Storage with a 
Wordmark 



QH081 



I Unit Exception Bit On 

I Indicates Single 

! Character Tapemark Record I 



Send Service Out. 
Readout Next Character 
from Main Storage 




Turn Unit Check (Bit 6) 
in Status Byte On 



Store Unit Status Byte 
in CPU Storage 



Store Unit Status Byte 
in CPU Storage 



Readout Tape Unit 
Control Byte of Unit 
Being Used and Set 
the End of File Bit 



Set Main Storage 
Address to Address 
of the First Character 
Read from Tape 



QHlOl 



Reset Select Out 



Readout First 
Character of the 
Record from Main 
Storage 




Insure Character 

Read from Storage Does 

Not have a Wordmark 




Set End of File Bit 
(Bit 3) of the Tape 
Unit Control Chart 



Store B-Star Contents 
into the O-Star in 
MPX Storage 



Send Service Out 



CLF 122 1400 Tape - Selector Read 



WR ITE-MO VE 

I SQ I Chart 121 



WR ITE-LO AD 

SH I Chart 121 



Readout First Character 
to be Written 



Readout First Character 
to be Written 




CLF 123 1400 Tape - Selector Write 



Test Bit 1 of the 
GT Bus 



I Third Sense Byte Contain 
Track in Error Indicators 



Send Service Out 



Setup Selected Drive 
Control Byte Set EOF Bit 



To Error Test Ops 





CHlll 


Store Unit Status in Last 
Status from Tope Control 
Unit Byte 


1 QHin 


Send Service Out 



Setup Stop Code 



To Tape Stop 



HA 

Chart 155 




Mode Set Complete, 
Start Action Command 




o Tape Stop for Either 
or 9 Track 



I/O Error Byte Bit 2 



I -Cycles 
BRANCH ON 1^ SR 
TAPE ERROR 

Chart 12 

|QG041,QHltl 



I Q E651 
Chart 155 



YES QHlll 



Reset Poll Control 



Set A-Sfar Value 
into B-Star 



Set Forward Space 
Record Last Time iBit 
Oof I/O Error Byte) on 



Setup Last Status from 
Tope Control Unit Byte 
Address and Readout 



QHlll 



Readout Last Tope Unit 
Address Byte and Setup 
Unit Address 



SS 

Chart 121 





Bit 6 of Status Byte 



Restore A-Star from 
B-Star, Set a Status Bit 
to Indicate use A-Star 



QHlll 



Set Op Register to CO 
and the i-Stni to 
Equal 1400 Addiess 
0001 



I QH061 



Reset Poll Control 



Restore A-Star 
from B-Star 




Reset EOF Block Bit 



Setup Stop Code 



Readout Program Mode 
Switch Byte 



To Tope Stop 



QG031 



To Interrupt Decode 




QE651 
HA 



BA 
Chart 155 



To l-Cycles 



I QEOOl 
Chart 102 



To Stop Entrii 



QE651 
HA 




Test Bit 1 of 1400 
Control Byte 



Set B-Star from l-Stor 



Set B-Star to Zero 
Set Status to Indicate 
invalid B-Star 



Set l-Stor from A-Star 



IT 



CLF 124 1400 Tape - Selector Tape Ending, Branch on Error 



Operation: M/L%FO BBB R/W 
Full Seek (Not Alternate Trock) 



QG0I1,QH301 



Store l-Stor in CPU 
Storage . 



1 


QH30I 


Test 4-Low Bits of 
Unit Number Character 
to See what Operation 
to do. 




Set Up the Op [ 
to Indicate a Move or 
Lood Read or Write. 
Op Register- 

0000 0000 Write Load 

0001 0000 Read Load 

0010 0000 Write Move 

001 1 0000 Read Move 



Disk Control Field 
Return to Home Seek 
*,'N D) D2 D3 D4 D5 - 
Diiect Seek 

♦ N D) D2 D3 D4 D5 - 
D4 is Signed + or - for 
Diiectionof Seek 
D5 is * Character to 
Indicate a Direct Seek 



Insure Cylinder High- 
Order Byte Is 00 



QH31 



Readout First Character 
of the Disk Control 
Field (BBB is the 
Address of the First 
Character in the DCF) 



First Charac 




Normolly a 


' or a Numer- | 


ic Chorocfe 


, but some 1 


Progiamers Use an 1 


Alphobe-ic 


Character 


Instead to be Used for i 


Other Reoso 


ns. There- 1 


fore If the B 


-Zone Bit is 1 


On,the Cho 


acter is 1 


Considered 


be a * 1 


at this Time 






Readout Thhd Character 
of -he Disk Contiol 
Field 








1 QH31I 


Decode Chaiactei to 
Develop Addtess to do 
a Toble Lookup to Find 
the Module Number 
in NPL Form and Store 
Numbei in MPX Stooge 



Wh 




s in the Oo 




Rco 


St 


■; is Combin 


;d with. 




N 


jrreiic Porti 


an of 1 


.!-,(_. 


Ur 


ir Numbci 




Ch. 


•^ 


cter. 





in the Op Re 
XXXX 0000 . 



Change Op Register 'n 
0000 XXXXWheie 
XXXX con be 1, 3, 5, 




Readout 


Sixth Chaiociei 


(C5) '^^ 


he Disk 


Contiol 


field 



QH33] ,31 



Seek After No Addr: 




Setup to do a Return 
to Home Seek Aftei a 
No Addiess Compare 



LU 



Rcudoui Module Number 
in NPL Foim 



Set H5 to Prevent Interrupt 




Set Bus 


-Out Cont 


ol. 


Addres 


Out, ond 




Comma 


nd Start 





Reset Fil 
Byte 




Should Never Enter 
Short Busy at this 
Time. If it is the 
Restore Command will 
Not be Done. 



Se 

D 


t File Brc 
50 (Busy 
sk Condi 


nch Byte 
and Any 
ion). 



Restore A,B, and I- 



To l-Cyc 



Tq! 



Check Program Mode 
Switch Byte for Allow 
I/O Traps. If On 
Setup for Allow Traps 








1 


QH371 


Set 


p to 


Decc 


de the 


Cyl 


nder 


Port 


on of the 


Disk Cor 


trol 


= ield 



Readout the D2 Character 
of the Disk Control Field 



Store the 1400 Module 
Number in MPX 



\ QH341 



Reset Address Out 



Restore B and I 








QH311 


321 


Readout 


DgondD 
sk Control 




of the D 




Field on 


d De 


code the 




Cylinde 


Nu 


mber 





QH321 



Setup Address of BCD 
Character in MPX Storage 
to Test for + or - Moveme, 
of Arms for Direct Seek 



.Cylinder 


Number is 


|De 


velope 


d by Doing Table 


iLo 


okups. 


The Desired 


ICy 


Under 


Number can 


Ibe 


Deter 


mined by 


'Di 


viding 


D2, D3, D4 


Iby 


2. 




'bx 


ample 


D2 D3 D4 
3 4 7 




1 NPL Module 

Ix Cylinder 




173 




2 


347 

2_ 

14 

14 
7 
6 




1 


1 — 


-Part of Head 



QH33I 



Read Character from 
MPX Storage and Te 



To Generol Stop 



Setup Commc 

Full Seek 0000 0111 

Restore 0001 0011 



QH361 



HB 
Chart 155 



Store Command in MPX 
Storage. Set Bus-Out 
Control, Command Out, 
and Command Start. 



If the Ds Character 
was Not a * and the 
Unequal Address 



Oper< 



Set Up to - J CompI 
Add and Reverse Seek 




1 No Zon»o 


r Plus 


(BA) 


1 Zo 


neOive 


+ D 


■ection 


1 an 


d Minus 


(B)Z 


ne 


1 ^ 


ves - D 


rectio 


" 



Readout the D5 Character 
of the Disk Control Field 



If the Dc Cho 








1 


QH331 


Rea 


dout 


the Pre 


sent 


Cv 


inde 


Value 


Byte 


for 


Selec 


ted Module 


1 QH331 


Add 


or S 


ubtract 


the 


Dec 


oded Cylint 


ei Value 


to 


r fro 


n the P 


resent 


Cyl 


ndei 


Value 


and 


Ado 


1 








1 OH33) 


Rec 


dout 


the Pr 


ssent 


Cy 


inde 


Volut 


Byte 


for 


Sele 


ted Module 



Add 1 to the De 
Cylinder Value 



I 





Set Bus-Out Contiol, 
Address Out, and 
Command Start. 












QH341 




<^Operational In Up^^ 




Tno 


NO 


<r Status 


n Up ^> 




Set Up Cylinder Value 
for Reverse Seek 



Setup Command Byte 
Full Seek 0000 0111 



Restore B and 


-Stars 


1 QH541 


To General 


Stop 



Store Command in 
MPX Storage 



Cylinder is Reserved 
for NPL Information 01 
23irs. So All i400 
Cylinder Numbers oie 
Increased by 1 to Find 
Coriect Cylinder 



Store New Cylinder 
Value in Cylinder Value 
Byte for Selected 
Module and in rhe 
Cylinder Position in 
MPX Stoioge. 



1 This Va 


ue 


s the 




1 R.T.H. 


Cyl 


nder Vo 


lue 


1 and the 


File 


Contro 




1 Unit wi 


1 Us 


e the V 


lue 


' to Dete 


■Tiin 


5 the Di 


ect 


' Seek 









Setup to 


Send th 


e 




Bin 


Cyl 


ndoi, c 


nd He 


ad 


Vol 




the Co 


itrol 




Uni 












Set 
Con 


Se 


vice Out or 
nd Start 


d 






|qH381, 


541 


Res 
Sta 


ore 


A,B, and 1 


- 



To Interrupt Decode 
Routine 



I QEOOl 



CLF 125 1400 File - Seek Op 



Seek Objectives: 
Direct Seek; 



Decode the Disk Control Field for Module and Cylinder Values. 
Select the Module, Issue Seek Command (07), and Develop 
the Return to Home Seek Value to Send to the Control Unit, 
Send the Return to Home Value to the Control Unit and Check 
Unit Status. 



Return to Home; Decode the Disk Control Field for Module and Cylinder Values. 

Select the Module, Issue Seek Command (07), and Develop the 
Return to Home Seek Value to Send to the Control Unit. Send the 
Return to Home Value to the Control Unit and Check Unit Status. 



Return to Home 
After a Unequal 
Address Compare; 



Decode the Disk Control Field for Module and Cylinder Values. 
Issue a Restore Command (13), when Device End is Found 
Issue a Seek Command, and Develop the Return to Home 
Seek Value to Send to the Control Unit. Send Return to 
Home Value to the Control Unit ond Check Unit Status. 



The Cylinder Value is Increased by One Because Cylinder 
is Reserved for IPL on 231 1's. The format to Send Cylinder 
Value to the Control Unit is: Bin Bin Cylinder Cylinder Head Head 
00 00 00 XX 00 OX 

The Cylinder Value is Developed, the Head Value is virhatever 
is \n Head Location in MPX Storage. A Head Seek is Given on all 
Read or Write Operation so the Head Selected at this Time 
is not Important. 



Start 



Check for Unequal 
Address Compare On 
Last Operation 



QH311 



Decode the Module 
Number in NPL Form 




Setup to do a Restore 
Command 



Reset Indicator for 
Unequal Address Compan 



Send Out Module 
Number (Address) 




I Should not be Busy 
'at this Time 



QH35I 



Send Out Module 
Number (Address) 



QH351 




Restore Seek "^^,^ no 
Setup 



Setup to do Cylinder 
Decode 



Decode Cylinder Value 



QH331 



Develop New Cylinde 
Value to Send to the 
Control Unit 







1 


QH371 


Sen 


dBin 


Cyl 


nder. 


and Head Vol 


jes to 


the 


Control U 


lit. 


Bin 


is AU 


vays 


0000 


Cy 


inder 




00 XX 


Hec 


3d is 




OOOX 



Check Status of Unit. 
If Unit Check is On 
or Device End/Control 
Unit End is Not Up, 
Restore the B and I 
Stars and Come to a 
Halt. Otherwise, 
Return to I-Cycles 



Do Next Routine 



Restore A,B, and I 
Stars 



QH541 



no] 


QH541 


Restore A,B, c 
Stars 


nd 1 


j QH541 


To l-Cycles 


1 


Do Next Rout 


- ) 



To l-Cycles 



CLF 126 1400 File - Seek Objective 



Instruction: AA/L % F6BBB R/W 
M/L % F@BBB R/W 

py^ I Chart 115 



QG01I,QH301 



Store 1-Star !n CPU 
Storage. Set the Latch 
(H5) to Prevent Interrupt 



Test Unit Number 
Character to See if 
this Operation is a Seek 




Restore B and 1 -Stars 



To General Stop 



Set Up the Op Register 
to Indicate c Move or 
Load Read or Write. 
Op Register- 

0000 0000 Write Load 

0001 0000 Read Load 

0010 0000 Write Move 

001 1 0000 Read Move 



Set for Sense Command 



The Disk Control Field is Located 
in Main Storage Location Add- 
ressed by the BBB Address of the 
Instruction. 

Disk Control Field 
VN Id, D2D3 04D5D4|S,S2S3 

I I Sector Address 
Sector Control 
Access Control 

Note: Dl is Always in 
Compatibility 



I QH30 i 

Set Cylinder High-Order 
Byte to 00 



QH31 



Readout the First 
Character of the [ 
Control Field 



letry Command 




Read Out Third Cho 
(D2) of the DCF 



VN 



1400 
D„ Module 
0^1 
2-3 2 
4-5 4 

6-7 6 
8-9 8 



NPL 
Moduli 



Decode the Character 
Readout to Determine 
the Module to be 



First Character is 
Normally a * or a 
Numeric Character, 
Some Programmers 
Use on Alphabetic 
Character to Recogn 
Other Conditions. 
Therefore, if the B-: 
Bit is On, the Chore 
is Considered to be . 



QH311 



The Low 4 Bits of the 
Operation Code ore Set 
from the Numeric Portion 
of the Unit Number 
Character. 

xxxx 

01 1 Sector Op Address 
11 00 Record Op Address 



Read Out the NPL File 
Unit Address Byte for 
the Module Selected 
and Store the NPL 
Module Number in MPX 
Working Storage (File 
Unit Address for Initial 
Selection 



QHSn 



Set Up Operation Code 
in Op Register 

0000 XXXX Write Lood 

0001 XXXX Read Lood 

0010 XXXX Write Move 

001 1 XXXX Read Move 



Develop the NPL Disk 
Control Field (Sector 
Address) from the 1 400 
Disk Control Field 
(Sector Address). This is 
Accomplished by Doing 
Table Lookups. The 
Results can be 
Determined by Dividing 
the 1400 Number by 
2 as Follows. 
Example 1400 DCF 



VN051976XXX 
Divide by 2 
-NPL Module 
— Cylinder 



-Head 



2598- 
)5I97 



11 



10 
19 

11 

17 

16 
l-.^Part of Record 
To Determine Record 
Wanted, Take D^ and 
the Remainder; If the 
Remainder is Add 1 
to D4, if 1 Add B to 
D^, In this Example 
the Record would be 
11 (17 Decimal). 
1400 Used Records 0-19 
and NPL Uses 1-14 
(1-20 Decimal) 



Read Out Third Choroctei 
(D2) of the Disk Control 
Field. Decode for 
Correct 1400 Module 
Number and Store in 
MPX Working Storage 
(File Unit Number in 
1400 Format). 



Develop the NPL Format 
for Cylinder. 



QH3II,32I 



Add 1 to Developed 
Cylinder Number and 
Store in MPX Storage 



Develop the NPL 
Format for Head and 
Store in MPX Storage 



f- 








2311 Cyllnde 


rOis 




Reserved for IPL 




Information, 


So All 




Decoded Cyl 


nder Values 




ore Increasec 


by I 



Develop the NPL 
Format for Record and 
Add 1 to Value. Store 
in MPX Storage. 



I Record Number is 
I Increased by I be 



I 231 1 Record i 
! Special Record 



Read Out the Module 
Number for Initial 
Selection 




QH341,36r 



YES 


QH341 




Reset Select Out 










C Status 1 


QH341 
lUp ^ 


YES 



Reset Address Out, Set 
the File Branch Byte to 
50 (Busy and Any 
Disk Condition) 



Restore A,B, and I- 
Storts 



Tot 




Set Up Head Seek 
Command IB 



Store Command in 
MPX Storage 



Test Bit 1 . If On By- 
pass the Module 
Protect Routine 



Set Bus-Out Control , 
Command Out, and 
Command Start 





Setup to do a Head 
Seek Address Transfer 



QH421 



Readout Selected File 
Number in NPL Format 
and by Table Lookup 
Determine its 1400 
Number 



Readout Selected File 
1400 Byte from MPX 
Storage . 



Compare the Two 
Numbers. 



Set a Counter to 02 




Set Up Bin Value to 00 
Subtract 1 from Counter 



Set File Branch Byte 
to 50 (Busy and Any 
Disk Conditio 



Set Bus Out Control , 
Service Out, and 
Command Start 



Restore A,B, and l-Stars 






1 QH421 


Set Up Stop Code 


1 QH541 


Set Service 
Restore B o 


Out and 
nd l-Stars 


1 OH541 


To Gen 


eral Stop 



Set a Indicator to 
Remember this is o 
Track Operation 



QE641 
HB 
Chart 155 



I Read Out 1 Byte Each 
I Time through the Loop. 
Readout CCHH 




Change Op Register to 

0000 0010 Write Load 

0001 0010 Read Load 

0010 0010 Write Move 

0011 0010 Read Move 



Op Register 

Bit 2=1 Move 

Bit 3=1 Read 

I Bit 6=1 Address Operati< 
I 



QH422 
FB 
Cbrt 128 



/"Early Status: Should \ 
V Not be Here Now J 



NO QH371 



Set Bus Out Control, 
Service Out, and 
Command Start 



1 QH541 


Restore B and 


-Stars 


1 QH54I 


To Generc 


1 Stop 



Set Bus Out Control, 
Service Out, and 
Command Start 






WRITE ^^ 






Set Read Back Check 
interlock (Bit 6) On in 
File Branch Byte and 
Save the 1st No X Be- 
fore Seek (Bit 7). 



Set Read Bock Check 
Interlock (Bit 6) On in 
File Branch Byte 



Read Out the Module 
Protect-Disoble Byte 



CLF 127 1400 File - R/W With Addresses 



Chart 135 
SEARCH ID 
AFTER ALT. TRACK 



Chart 127 
FB 



SEARCH ID 

ON ALT. TRACK 

Chart 134 



'^ 



n 



I Send CCHHR to do . 





Set Service 


Out and 


Bit of the Module 1 
Protect - Disable Byte. | 
This Bit is Normally 0; , 
It can Only be Set by | 
Manual Operation. If 
the Bit is Set to 1 , the i 
First Search (Address 
Search) is bypassed | 
and Only the Record | 
RO Search is Done 


Command Start 


1 QH422 


Set Data Field Length 

in MPX Storage 

Sector Mode 

0064 (0100 Decimal) 

Track Mode 

0BA4 (2980 Decimal) 






1 


QH422 


1 
1 


Readout Module Protect- 
Disable Byte 



o 



QH422 



Set Record Value to 00 
for this Search 




Make Sure Op Register 
Bit 4 is 0. 



Make Sure Bit 7 of the 
Op Register is 



QH422 



Setup the Address of 
the Selected File Unit 
Cylinder Location Byte. 
This Byte will Contain 
the Seek Cylinder Value 



QH422 



Set the Seek Cylinder 
Value into the Cylinder 
Byte for this Seorch 



QH341 



Set Suppress Control 
Latch 



Set Service Out and 
Command Start 






Readout the NPL Module 
Number for Selected File 



Set H5 to Prevent 
Interrupts 




Set Bus-Out Control, 
Address Out, and 
Command Start 




To General Stop 



Setup to do a Search. 
Command 31 . Set 
a Counter to 05 



QE641 
HB 

Chart 155 



Store Command In 
MPX Storage 



QH361 



Set Bus-Out Control, 
Command Out, and 
Command Start 




Set File Branch Byte 
to 50 (Busy and Any 
Disk Condition) 



Restore A,B, and I- 
Stars 



Search to Find Record 



Subtract 1 from the 
Counter 



QH371 





\ 


Set Bus-Out Control , 
Service Out, and 
Command Start 




QH371 




QH341 



Restore B and l-Stars 



To General Stop 



Early Status: 
On Seorch for Address 
and an Equal Address 
Is Not Found Before the 
File Index Point is Pass- 
ed the Second Time, 
the Control Unit will 
Setup an Unit Check 
and Issue Early Status. 
Also, If the Cylinder 
Is Flogged as a Bod 
Cylinder the Control 
Unit will set Unit 
Check On and Issue 
Early Status 



QH371 



Set Bus-Out Control, 
Service Out, and 
Command Start 



Restore B and l-Stan 



To General Stop 



QE64 



HB 
Chart 155 




I Test Bit 1 (Status 
I Modifier) of the Status 
Byte. Bit 1 is a 1 when 
Search was Equal. The 
Search will Continue 
to Hunt for Equal 
Address Until the Second 
Time the Index Point of 
I the File Unit is Passed. 



If Bit is On, the Search 
Just Performed was for 
Record 0. If Bit is Off, 
The Search was for 
Equal Address (ID). So 
a Search for Record is 
Required, Record is 
Used as a Time Sync 
for the File Unit and 
the Control Unit 



Search On Address (ID) 
and Search On Record 
RO ore Both Completed. 



Chart 131 



Ch art 12 7 
FZ 



QG031 



Test Bit 5 of PMS Byte 
in CPU Storage 



Bit 5 of Byte 9F CPU 
Allows I/O Traps 




Reset H5 and Commond 
Start to Allow Traps 




NO 
^QF661 












YES ^^ 




NO 






QEOOl 








QEOOI 


To Interrupt Decode 




To l-Cycles 


Char 


t 155 






i 

Cha 


t 102 



CLF 128 1400 File - RAV With Addresses - Sheet 2 



Charts 128, 130 



Address Field is 6 Digits 
Long. First Digit is a 0. 
Develop the Address to be 
Written on the Disk 
Control Field was 
Developed and Store 
in the Some Locations 
in MPX Storage the 
Disk Control Field was 
Stored 



QH311 



Readout Second Chan 
of the Address 



Store Module Number 
in 1400 Forrrat File 
Unit Number Byte 



Cylinder Number is 
Increased by 1 
because Cylinder is 
Not Used in Compatibility 



I QH31 1,321 



Develop Cylinder 
Number in NPL Format 
and Add 1 to Number. 
Store in MPX Storage 



QH321 



Record Number is 
Increased by 1 because 
Record RO is a Special 
Record of its Own On 
a 2311 



Develop the Head 
Number in NPL Format 
and Store the Number 
in MPX Storage 





LOAD ^^ 


Move or Load 


^^^MOVE 






QH441 


^ 


QH441 


Readout the Sector 




Readout the Sector 


Control Digits of the 




Control Digits of the 


Disk Control Field in 




Disk Control Field in 


Main Storage and 




Main Storage and 


Decimally Subtract 1 




Decimally Subtract 1 


from the Number. Also 




from the Number. Also 


Remove Zones and 




Remove Zones, but 


Wordmarks from the 




Leave Any Wordmarks 


Numbers before Writing 




Found with the Numbers 


Digits into Main Storage 




before Writing Digits 
into Main Storage 

















OH321 



Develop the Record 
Number in NPL Format 
and Add 1 to Number 
Store In MPX Storage 





YES ^^ 




QH44I 


Set Op Register Bit 
4 and 7 to 1 



Readout File Unit 
Number (NPL Format) 
from MPX Storage 




Setup Counfer to 
0064 (100 Dec i ma 





Setup Counter to 
0BA4 (2980 Decirr 



Setup Counter to 
005 A (90 Decimal) 



Setup Counter to 
0A7A (2682 Decii 



Restore 


B and 


1 Stars 


1 QH541 


To 


Gene 


■ai Stop 



Set a Counter tc 



Setup Command I D- 

Wrife with Address 



Store Command in 
MPX Storage 



Readout Data Cha 
from Main Storage 
Subtract 1 from th 
Counter 




V/rong Lengri 



Set the Wordmark Bit 
to 1 (No Wordmark) 



Set Up for a Sense 
Command 



'D 1 D2 D3 D4 D5 D6 S] S2 S3 



Sector Coun 



In Sector Op This Number Will 
Be 001 to 020 (Decimal). In 
Track Op This Number Will Be 
001. 




CLF 129 1400 File - Write With Addresses Data Loop 



Chart 129 FG 




Set Op Register Bit 
7to0 



Set File Branch Byte Bit 
2 (Wrong Length Record) 




Send Service Out and 
Set Command Start 




Chart 135 



NO 


QH391 


Set Suppress Control 
Latch 


1 QH39I 


Set Service Out 
Command Start 


and 


1 QH391 


Setup to Readout 
Next Sector Address 
from Main Storage 



Se 


Bit 3 


(Any 


Disk 


Co 


ndltlo 


n)an 


d Reset 


b; 


6 (Re 


ad Be 


ck Check) 


of the f; 


e Brc 


nch Byte 




Set Bit {No Address 
Compare) and Bit 3 
(Any Disk Condition) 
of the File Branch 
Byte (98 - IS) 



I QH31 




Reset H5 and Command 
Start to Allow I/O Traps 



Setup to a Sense 
Command Start 



Set Up to a Sen 
Command 



^^^ 


"^^^1 QEOOI 




1 QEOOI 






To l-Cycles 


To 


nterrupt Decode 




rh 




Cbart 155 


Chart 102 



CLF 130 1400 File - Write With Addresses Data Loop - Sheet 2 



FC Chart 128, 132 



ReadoufFile Unit 
Number (NPL Format) 
from MPX Storage 



QH341 



Set H5 to Prevent 
Interrupt 




Remove Zone Bits, but 
Maintain Wordmork if 
a Wordmark is in Storage 



Set Bus Out Control, 
Address Out, and 
Command Start. 




QH541 



Restore B and 1 


-Stars 


1 QH54 


To Genera 


Stop 



Set Up for Sense Command 




Set File Brc 
to 50 (Busy 
Condition) 


nch Byte 
and Any Di 


sk 



Set Service Out and 
Command Start 



Change from 231 1 to 
1311 Format. 
Example: 

Read In from the Control 
Unit OOSCOOOSlIxxxxxx. 
Change this Numbei to 
1400-1311 DCF Format. 
To do this Change the 
Cylinder Hexadecimal 
Value to Two Decimal 
Digit Values (59). Chan 
the Record Hexadecimal 
Number too decimal 
Number by Subtracting 
10 from Record Number. 
Store Record Number in 
Main Storage then Doubl 
the Head and Cylinder 
Values and Store in 
Mo in Storage. Readout 
and Double the 1400 
File Number. The Numb< 
Stored in Main Storage 
for this Example Is 
X51976 where X is 
the number that was 
already there. Also the 
Zone Bits Vary for a 
Move or Load Op 



Read Out the Cylinder 

Value Just Read in from 
the Control Unit Out of 
MPX Storage 




Read Out Main Storage 
Location to Hold the 
Module Digit. 



QH411 



QH412 



and Wordmarks 



Store the Record Byte into 
Main Storage in 1400- 
131) Format. 




Remove Zone Bits, but 
Maintain Wordmark if a 
Wordmark is In Storage 



QH411 



Remove Zone Bits 
and Wordmarks 



Read Out the Head Value 
Just Read in from the 
Control Unit Out of 
MPX Storage 



Double the Head Vcl 
Plus 1 For Record Vol 
of 10 (Decimal) 




Store Module Value 
into Main Storage in 
1400-1311 Format 



Readout the Next 
Position of Main Storage 



Double the Head Value 



Read Out Main Storage 
Location to Hold Head 
Value 




Insure 6th 
as FO 



Insure 6th 
as BO 



QH411 




Store Digit into Main 
Storage 



Remove Zone Bits, but 
Maintain Wordmark if a 
Wordmark is in Storage 



Remove Zone Bi 
and Wordmarks 



Set Up Address of 
Main Storage Where the 
First Data Charocter is 
to be Stored. 



QH441 



Store the Head Vok 
into Main Storage ii 
1400-1311 Format. 



Double Cylinder Units 
Value. Add 1 if Carry 
Occurred when Head 
Value was Computed. 



* Dl D2 D3 D4D5 D6 
Si S2S3 



Sector Count 
In Sector Op this Number 
is 001 to 020 (Decimal). 
In Track Op this Number 
is 001. 



Set Up to Subtract 1 
from Sector Count . 



Read Ou 


t Mo 


n Storage 


Locatior 


to H 


old 


Cylinde 


Unit 


Digit 



Read in the CCHHRKDD 
from the Control Unit and 
Store in MPX Storage 



Subtract 1 from 
the Counter 



QH371 





Remove Zone Bits, but 
Mointain Wordmark if 
Wordmark is In Storage 



Remove Zone Bits and 
Wordmarks 



To Sense Command 
(Early Statu 



YES (ERROR CONDITION) 



Set Service Out and 
Command Start 




QH411 



Double Cylinder Tens 
Value. Add 1 if Carry 
Occurred when Cylinder 
Units Digit was Computed 



QH411 



Readout Main Storage 
Location to Hold Cylin- 
der Tens Digit. 



Restore B and I Stars 



To General Stop 




Remove Zone Bits and 



Remove Zone Bits, but 
Maintain Wordmark if a 
Wordmark is in Storage 



Store Cylinder Tens 
Digit into Main Storage 
in 1401-1311 Format 



QH4H 



Subtract 1 from the 
Cylinder Value and 
Store in MPX Storaoe 



1 Th- 


s Value w 


as for 231 1 


1 and Must be 


Decreased 


Iby 


1 for 1311 


Format 



Read Out the Module 
Value (File Unit Number) 
in 1400- 1311 Format 
from MPX Storage 



QH412 



Convert the Cylindei 
Number Into Two De 
Bytes, Units and Ten 
Check for Cylinder 
Overflow and Set an 
Indicator Bit if on 
Overflow Exist. 



Add 1 to the Module 
Value if a Carry Occur' 
red when Cylinder Tens 
Value was Computed. 



QH412 




Readout the Record 
Value Just Read In from 
the Control Unit Out 
of MPX Storage 



NO Add 2 to the Module 
Value 



QH401 



Subtract 1 from the 
Record Value ond Store 
In MPX Storage. Set 
on Indicator Bit If 
Record Value is Over 10 
(Decimal). 



This Value was for 231 1 
and Must be Decreased 
by 1 for 1311 Format 



0-* 



OH4n 



Readout Main Storage 
Location to Hold Record 
Number. 




CLF 131 1400 File " Read With Addresses Data Loop 





LOAD^^^ 




^-■^^ MOVE 




QH441 




^ 


QH44I 


Read Out the Secotr Ctrl 




Read Out the Sector Ctrl 


Digits of the Instruction 




Digits of the Instruction 


Disk Control Field in 




Disk Control Field in 


Main Storage and 






Decimally Subtract 1 from 




Decimally Subtract 1 from 


the Number, Also Remove 




the Number. Also Remove 


Zones and Wordmarks 






from the Numbers 




Wordmarks Found with 


Before Writing Digits 




the Numbers Before 


into Mam Storage 




Writing Digits into 
Main Storage. 


















Set Up Counter to 
0064 (100 Decimal) 



QH451 



Set Up Counter to 
0BA4 (2980 Decimal) 



Set Up Counter to 00,5A 
(90 Decimal) 



Set Up Counter to 
0A7A (2682 Decimal) 



Prevent any More Storing 
of Read-In Data (WLR) 



QH471 



Read Out Choracter From 
Main Storage. Subtract \ 
from the Counter 



QH47I 



L_. 




' QH471 




To Sense Command I 

(Early Status Data Transfer)! 



r^^ QH47 



Set Ch 


Procter o 


1 Bus 


-In 


into a 


Hardware 


Req 


ster. 


Set Sei 


vice Out 


and 




Comma 


nd Start 







Re 


tore Bar 


d l-Star 


1 QH54t 


To Genera 


Stop 



Setup to do a Sense 
Command. Set Service 
Out and Command 
Start 



LOAD 




ToEi 

Chart 155 



Insure Character to 
Enter Storage Does Not 
have a Wordmark 



QH47] 



Insui 


e Cha 


actei 


to 


Ente 


Stora 


ge ha 


s a 


Woidmark 








QH53I 



Set Bit 3 (Any Disk 
Condition) and Reset 
Bit 6 (Read Back Check) 
of the File Branch Byte 



-*i 



Stoie GMWM in Same 
Location it was Read 
from. Do Not Change 
the B-Star Setting. 



Lost Character in Has 
l-Ao-Je - No V/ordmark 
Load - Wordmark 





TRACK 



Set an Indicator Bit for 
Validity Error 








1 QH50 


Set Op Register Bit 7 
to 1. 



Set Bit (No Address 
Compare) end Bit 3 (Any 
Disk Condition) of Fi 
Branch Byte (9B - LS) 



1 I I QH54 1 



Restore A,B, and i-Stars 



QG031 



Set Character On Bus-In 
into a Hardware 
Set Service Out i 
Command Start 



i Continue In this Loop 
I Until Counter is 0000 



Set Service Out and 
Command Stait 




QH501 



Set Op Register Bit 
to 1 . Set Indicator 
for Validity Error 



Set Op Register Bit 7 
to 1 



Set Op Register Bit 7 
to 1 . Set Indicator Bi 
for Valldty E.ror 



J 




Wrong Length Record I 
Trying to Read a Full 
Track In Sector Mode 



QH391 



Set Suppress Control 
Latch 



Set Service Out and 
Command Start 



QH391 



Setup to Read In 
Next Sector Address 
from Control Unit 



FC 
Chart 131 



CLF 132 1400 File - Read With Addresses Data Loop - Sheet 2 



-M I Chart 136 
QH341 



Read Out Selected File 
Unit Number Byte 



QH341 



Set H5 to Prevent 
Interrupts 




Set Bus Out Control, 
Address Out, and 
Command Start 




Restore B and l-Star 



To General Stop 



I QE641 

Chart 155 



YES 


QH351 


Set Counter to 


04 


1 QH35I 


Setup Comma 
!6 (Read RO) 


nd 


1 QH36I 


Store Comm 
MPX Storag 


.ndin 


1 QH361 


Set Bus-Out Cc 
Command Out, 
Command Start 


ntrol, 
and 




Restore A,B, and l-Stor 



Set Op Register Bit 
4 to 



Subtract I from the 
Counter 



Readout Position of 
CPU Storage 



This Loop Brings in 
the CCHH Value from 
Record RO. These Valu 
are Used to Seek to 
on Alternate Track 





NO QH37I 



Set Serx 
Comma 


ice Out 
d Start 


and 


1 QH371 


Set New Value 
CPU Storage 


into 



( Early S 
V Not be 


atus 
Here 


Sh 
Nc 


ould ^ 












1 


QH37 


Set Ser^ 
Comma 


d St 


Out 
art 


and 


1 QH371 


Set New Vol 
CPU Storage 


je i 


nto 



Re 


store B a 


id 


-Stars 


1 QH54I 




To Gene 


ra 


Stop 



Restore B and I -Star 




Set Bus-Out Control, 
Address Out, and 
Command Start 



1 Sho 


jid Not be 


Here 


1 Nov 


V . Read RO 


will 


1 Not be Done i 


f Here 




Re 


store B ar 


d 


i-Stors 


1 QH54I 




To Gene 


o 


Stop 



HB 

Chart 155 



Seta 


Counter 


to 02. 


Setup 


Comma 


nd 07 


{Full 


Seek) or 


d the 


Addre 


ss of CPU Storage 


Loco 


ion whe 


e CCHH 


of Re 


cord RO 


/.as Stored 



Store Corr 
MPX Store 





Set Bus-Out Control, 




Command Out, and 




Command Start 










1 


' QH361 


NO 


<^ Status 


n Up J> 



YES QH361 



Set Service Out and 

Command Start 



FH 
Chart 134 



CLF 133 1400 File - Alternate Track Seek 



Send Bin-Bm (0000) to 
the Control Unit 



Status Should be 00 On 
First Pass 




Device End is Down Until 
Seek is Finished 





YES 


1 QH371 


Setup a Byte to 00. 
Subtract 1 from Counter 


1 QH37I 


Set 
Serv 


Bus Ou 
ice Ou 


Control and 
t 



^et H5 to Prevent 
Interrupts 



This Loop Sends CCHH 
for the Alternate Track 
to the Control Unit. 




YES QH37I 



I FF I 

Chart 136 



Set Op Register Bit 
4 to 



Set Counter to 04 



I Seek Completed. Setup 
I to do Search 



Readout Selected File 
Unit Number 



Subtract I frorr 
Counter 





Readout PosIHon of the 




CPU Storage 










QH37I 










[no 


NO 


C Service 


In Up ^> 




Set Bus-Out Control , 
Address Oul, and 
Command Slart 




Restore B and I Star 



To General Stop 







\^ 1 

QH371 


Set Bu 


s-Out Co 


ntrol , 


Servic 


e Out, a 


nd 


Comm 


jnd Start 





^^ YES 


QH37I 


Set Bus-Out Control, 
Service Out, and 
Command Start 



HB 

Chart 155 



Early Status: To Sens. 
Command 





NO T 


qh;4 


Restore B and i-Siuis 
toGenerul Slop 



Restore B and I St: 



QH54I 



Set Service Out and 
Command Start 



HB 
Cher* 155 



Set a Couritei fo 05. 
Setup Search Comman.: 
(311. 


1 QH3'J 


Store Commend in 
MPX Stoioge 


1 aH36i 


Se- Eus-Ot Cciii.oi, 
Commaiiu Ou^ o-d 
Comr,;a,id Start 



To General Stop 



GE64! 
Chart 155 



Se- Service Out and 
Command Stort 




Set Setvice Our an 
Comma, ,d Stait 



To General Stop 



QH341 
Chart 133 



To Search ID foi 
Alternate Irock 





QH36I 


Set File Bi-anch Byte to 
14 


1 QH541 


Restore A,B, and 1- 
Stars 




Set Op Register Bit 
4 to 



Test Bit 5 of PMS Byte 

in CPU Storage 




Reset H5 and Command 
Start to Allow I/O Traps 




To Interrupt Decode 



QEOOI 



To l-Cycle 



Chart 155 



AA 

Chart lO; 



CLF 134 1400 File - Alternate Track Seek - Sheet 2 



JH ) Charts 129, 130, 132 

QH531 



e 



Early Status: 
Not be Here 




Sta 


tos Sho 


jid 


oe 


00 1 


for 


First T 


ne 


thi 


ough 1 


the 


Loop 






1 



CLF 135 1400 File - Return to Original Track 



EARLY STATUS 

FE I Charts 129, 129, 131, 133 



Set Up to Do Sense 
Command 



QH341 



Set Service Out and 
Command Start 



QH341 



(Wrong Length RecordA 
Should Not be Here J 



SENSE COMMAND OR 
FINAL STATUS 




EARLY STATUS 
DATA TRANSFER 



Charts 129, 132 



QH341 



Set Bit 7 of Op Register 
to 1 (Indicates the 
Sector Count is 00) 



Multiple Entry 



QH341 



Readout Module Number 
Used for Initial Selection 




Set H5 to Prevent 
Interrupts 



QH341 



Set Bus-Out Control , 
Address Out, and 
Command Start 



QH341 



QH341 




QH541 



QH351 



Restore B- and I -Stars 



Setup Sense Command 04 



To General Halt 



Store Command in 
MPX Storage 



HB 
Chart 155 



Set Bus-Out Control , 
Command Out, and 
Command Start 



SENSE BYTE 



Set Service Out < 
Command Start 





Bit 5 - Not Ready 



Flagged Track 



Set Indicator CS-Register 
Bit to Force Correct Exit 
(No Compare Sector Op) 



To Alternate Track 
Read RO 




I To Seek for Origlnol 
! Track 



Chart 133 



Set Bit 3 (Any Disk 
Condition) and Reset 
Bit 6 (Read Back Checks 
of the File Branch Byte 



Set Bit Oand 3 of File 
Branch Byte if in Sec- 
tor Mode and Record 
Number is Less than 16 
(Dec) 




Restore B- and l-5tars 



QH541 



Restore A, B, and l-Stars 



Restore A,B, and I -Stars 



Bit 5 of Byte at 9F CPU | 
Al lows I/O Traps if On I 



11 



Test Bit 5 of PMS Byte 
in CPU Storage 



Reset H5 and Command 
Start to Allow Traps 




NO 



QF661 
Interrupt Exists ^^Ji!Q__ 



To Interrupt Decode 



Read in Sense Bytes 
0,1,2, and 3 One at a 
Time and Decode the 
Conditions 




Store Sense B> 
MPX Storage 



SENSE BYTE 2 



SENSE BYTE 3 



Set Service Out and 
Command Start 



Set Service Out and 
Command Start 



Set Service Out and 
Command Start 



Test Bits 2,4, and 5 
of Sense Byte 0. If Any 
are Set to 1 , Setup to 
Set File Bronch Byte 
Bit 4 (Validity). Test 
Bits 0,1, and 7. If any 
are Set to 1 , Setup to 
Set File Branch Byte Bit 
5 (Not Ready). 



I Sense Byte 



0-Command Reject 

1 -Intervention Required 

2-Bus-Out Parity 

3-Not Tested (Duplicate) 

4- Data Check 

5-Overrun 

6-Track Condition Check 

7 -Seek Check 



Store Sense Byte 1 
in MPX Storage 



Store Sense Byte 1 
in MPX Storage 



QH511 



Store Sense Byte 3 
in MPX Storage 



QH511 



QH511 



Test Bit 6 of Sense 
Byte 0, if a 1 (on) 
Set a Indicator for 
Alternate Track Op 



Test Bits 0,2,4, and 6 
of Sense Byte 1 . If Set 
to a 1, Set Up to Set 
Bit of the File Bronch 
Byte to 1 . If Bit 2 Is Set 
to a 1 , Set Up to Set 
the File Branch Byte Bits 

and 2 (No Address 
Compare and Wrong 
Length Record). Test Bit 

1 . If Set to a 1, Set Up 
to Set File Branch Byte 

Bit 5 (Not Ready) 



Sense Byte 1 
Bit 

0-Data Check in Count 
1 -Track Overrun-Write 
2-End of Cylinder 
3-Not Tested (Duplicate) 
4- No Record Found 
5-Not Tested (Duplicate) 
6-Missing Address Marker 
7-Not Tested (2030 Mode] 



Test Bit 2 of Sense 
Byte 2. If Set too 1 
Setup to Set File Branch 
Byte Bit 4 (Validity). 
Test Bits 0,3,4, and 7 
(Bit 7 Should Always 
Be 0). If Any are Set 
to a 1 , Setup to Set 
File Branch Byte Bit 
5 (Not Ready) 



Sense Byte 2 

Bit. 

0- Unsafe 

1-Not Tested (Un 

2-Change Tag Lin 

3-Check 

4-2841 All Check 

5-Not Tested (Unused) 

6-Not Tested (Unused) 

7-Tested But Not Used 



;ed) 
Check 



CLF 136 1400 File - Sense Command for Unit Check 



n 



c 



DCF 1400 - 1311 

VND I Dj Dg D^ Dj D^ S J $2 S3 



♦051976XXX 

Change to 231 i Format by Doing 
Table Lookup to Select Module 2, 
Cylinder 59, Head 8, and Record 
16 . This Con Be Determined by 
Dividing D2 D3 D4 D5 By 2 and 
Use the Remainder with D tor 
the Record. Add 1 to the Cyl- 
inder and Record Values for 231 1 
Format. End Result Is: 
1400 



Module 
Cylinde 
Head 
Record 



59 ( 1 



2311 

2 

3C 



1 QH301 


Store l-Star 


, Setup the 


Op Register 


for a Read or 


Write, Mov 


e or Load. 


0000 0000 


- Write Load 


0001 0000 


- Read Load 


0010 0000 


- Write Move 


0011 0000 


- Read Move 



) 



QH301,311 



Readout the Disk Control 
Field and Change From a 
1400-1311 Format too 
2311 Format, Change 
the Op Register to 
Indicate Sector or 
Track Mode. 



QH341 



Send Address Out . If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and l-Stars and 
Return to I-Cycles. 
If Status Isn't Received, 
Wait for Operational In 
and Address In- Check 
for Correct Address . Set 
H5 On (Prevent Interrupts) 




1 QH351 


Store Command 


nMPX 


Storage and Issu 


e the 


Command. Wail 


for Status 


In and Test for Zero j 


Status. 





If Status has an Unit Ch. 
or Unit Exception, Set Up 
for a Sense Command. If 

or UE Bits are Not On, 
Check for Device End or 
Control Unit End. If Either 

3r CUE Are On, Retry 
the Command; Othenwise 
Set the File Branch Byte to 
Busy and Any Disk Condit- 

then Restore the A, 
B, and I- Stars and 




Setup to do a Head Seel 
Address Transfer. Sent 
to the Control Unit 
BBCCHH from the MPX 
Storage . 




1 QH381 


After Last Character is j 


Transferred Wai 


t for Status 


In. Check Status 


for Device End 


or Channel 


End; One or the 


Other 


Should Be Rece 


ved if 


Not go to Gene 


rol Stop. 


If DE or CE are 


Up, Check 


for Unit Check. 


If UC 


Exist go to Gen 


eral Stop 



Op Register 




' 0000 XXXX W 


ite Lond 


1 0001 XXXX Re 


3d Load 


' 0010 XXXX W 


ite Move 


' 0011 XXXX Re 


ad Move 


1 Olio Se 


ctor Mode 


' 1 1 00 Trc 


ck Mode 




I QH42) 


Store the Operat 


iori Code 


(Op Register) in 


MPX 


Storage to Remen 


iber what 


Operation was D 


one Last. 


If this Operotion 


!s Write, 


Set the Read Bac 


k Check 


Interlock Bit On 


(B it 6 of 


File Branch Byte 





I QH422 



Set Record Value to I 
and the Cylinder Vol 
to the Seek Cylinder 
Value 



Readout Compare and 
Module Protect Disable 
Byte. Check if Module 
Protect is to be Done, 
If It is Check Selected 
File Number Against a 
Fixed Number. If Numt 
Match Go On, If Not c 
to a General Stop 




Setup the Op 

to Indicate an Address 

Operation (Bit 6) 

0000 0010 -Write Loot 

0001 0010 - Read Load 

0010 0010 -Write Mov 

0011 0010 - Read Move 
Set an Indicator Bit 
(S-Register) to Remembe 
if this is a Track Mode 





1 QH422 


Set Cou 


It Field in MPX 


Storage 


to 0064 (Sector 


Mode) 


r 0BA4 (Track 


Mode). 




Hex 


Decimal 


0064 


0100 


0BA4 


2980 



Check to See if the 
Compare Disable Bit is 
On. If it is On, Setup a 
Search to Record with- 
out First Searching foi' 
the Record Address. 



^ 




NO QH521 



Insure Op Register Bit 



If 


iear 


ch Just Co 


mpleted 


wo 


s fo. 


Reco 


d 


the 


Se 


arch 


Is Co 


nple 


fed. If 


it 


A/osri 


't a S 


arc 


T On 


Re 


:ord Mu 


t be 


Done 


to 


Sel 


he FI 


e a 


d Control 


Un 


■tin 


Time 







Readout Selected File 
Number and Send the 
Address ro the Control 
Unit. Walt for Address 
In, then Compare Addres; 
Out to Address In. 









1 


QH361 


Store 


Coir 


mand 


in MPX 


Storo 


ge and Issu 


e the 


Comn 


land 


Walt 


for 


Statu 


s In 


jnd Test for 


Zero 


Stat 


JS. 





Afte 


Each Chot-octer Is 


Sent 


a Test for Status In | 


Is Dc 


ne. If Status In 1 


Com 


=s Up, the Unit Checkl 


Bit Should be On. The \ 


Unit 


Check Bit is Set If j 


the 1 


rack is Flagged , 


(Def 


ECtive Track) 01 an 


Equa 


1 Addiess On a ID ' 


Sear 


ch is Not Found ' 


Befo 


e the Disc 1 


Passe 


i the File Index Point 1 


Twic 


e. This Causes Early ' 


Statu 


s and a Sense 1 


Com 


mand is Done 1 


( 


? i 


r 


J I 

QH37I 1 




Clnarf 1; 
I FY 



After Last Character 
Sent, Wait for Statu 
In. Check Status for 
Device End or Chan 
End, Should Receive 
One or the Other. If Not 
90 fo a General Stop. 
With DE 01 CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit is On, 
a Sense Command Must 
be Done to Find Out the 
Cause of the Unit Check. 




Set Op Register Bit 7 
to I (Sector Count 00). 



1 QH341 


Readout Selec 


ed File 


Nurr 


ber and S 


end the 


Add 


ess to the 


Control 


Unit 


. Wait foi 


Address In, 


then 


Compare 


Address 


Out 


to Addres 


In. 








NO 




QH391 


Was 




Equa 


Address 


Fou 


id 


on thi 


Sea 


ch; 


If N 


of 


Repec 


t the 


Search 


Corr 




ind 








Setup Sens^ 
04, 



Store Command 


n MPX 


Storage and Issu 


i the 


Command. Wait 


for 


Status In. 





BrI 


ng In 


Sense Bytes 


0, 


,2, a 


nd 3 One Byte 


at 


3 Time 


and Store In 


MPX Sto 


age. Test 


Se 


ected 


Bits of Sense 


Byt 


e 0,1 


, and 2 for Error 


Co 


ndltio 


nand Set the File 


Bra 


nch B 


yte to 


Ind 


Icate 


the Error 


Co 


ndltio 


n. If Bit 6 of the 


Se 


tseBy 


e (Flagged 


Tra 


ck) Is 


On Set on 


Inc 


I CO to 


Bit On. 




Set Op Register Bit to 
a I and Bit 7 to a 



QH341 



Readout Selected File 
Unit Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In. 




Store Com 


-nond 


nMPX 


Storage on 
Command. 


d Issu 
Wait 


3 the 
for 


Status In 


nd Te 


t for 


Zero Statu 


'■ 






If Unit Check or Unit 




Exception Is Up do a 




Restore A,B, and l-S 


ars 


and Return to l-Cycle 


s. 


If UC and UE are Dov 


vn. 


but Device End is Ud 


the 


Read RO will Not be 


Done 


Otherwise Repeat Cm 


nd 



Status Should be 00 




Re 


id In 


the CCHH Values | 


fro 


m Re 


cord RO a 


nd Store 


in 


CPU 


Storage. 


Issue 


Co 


mmo 


nd Out to 


Bring 


Stc 


fus 


n. 





Check Status for Either | 


Dev 


ce Er 


d or Channel 


End 


If EI 


fher One is On, 


Che 


:k foi 


Unit Check; If 


Not 


go fo 


General Stop. 


If ar 


Unit 


Check Is Found 


do a 


Sens 


; Command, If 


Not 


Setup to do a Full 1 


Seek to a 


n Alternate 


Troc 


k Usi 


ng CCHH from 


Record 0. 





Device-End or ^^ NO 

Chonnel End Up 




Setup to Develop a 
Full Seek Command 
an Alternate Track. 



Ill 



Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
then Compare Address 
Out with Address In. 



QH34I 




c 



General Stop 



Store 


Com 


mand 


in 


MPX 


Store 


qe a 


id Issue 


he 


Command 


Wait 


fc 


r 


Statu 


s In c 


nd Te 


St 


for 


Zero 


Status. 








Status Should be Ze 
on the First Pass. 



QH37I 



Send CCHH Volues.Reod 
from Record ROinto 
CPU Storage, to the 
Control Unit. 



QH381 



Wait for Status In. Check 
Status for Device End or 
Channel End, Go to 
General Stop if One or 
the Other is Not On. 
Check for an Unit Check, 
if Bit is On go too 
General Stop. Otherwise 
Repeat the Seek Command 
and Status will be Non- 
Zero because Device Is 



Seek 



"9 



Che 


ck for Unit Check or 


Uni 


Exce 


ption. If On 


Set 


Up a 


Sense 


Corr 


mane 


. 


If Not Te 


st for Device 


End 


DE 


will Not be Up 


Unt 


1 the 


Seek Is 


Corr 


plete 


d. Until 


Dev 


•ce E 


nd Comes Up 


Rep 


sot S 


3ek Command 




Insure Bit 4 of the 
Op Register Is 



QH34I 



Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out with Address In. 




Store Com 


nond 


in MPX 


Storage on 


d Issu 


e the 


Command. 


Wait 


for 


Status In a 


nd Te 


St for 


Zero Statu 


^• 






If Unit Check or Unit 

Exception Bit Is On, 

Set Up for a Sense 

Command . 

Otherwise Repeat Search 

Command 




n 



CO 
00 



o 
o 



TO 



> 

Q. 
Q_ 



o 

a>' 
o 



N3 




Readout of Main Storage 
the Address to be Written 
On the Disc Starting with 
the Second Character. 
Change the Address to 
231 1 Format and Store 
in MPX Storage 



Reodout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
then Compare Address 
Out with Address In. 




If Re 


:ord Value is 1 or 


More 


, Subtract 10. Store 


Corre 


ct Record Value in 


Main 


Storage. Double 


the H 


ead Value Just 


Read 


In. Add 1 if 


the R 


ecord Value was 


lOoi 


More. Store Correct 


Head Value in Main 


Stora 


ge. Double the 


Cylir 


der Units Value, 


Add 


if a Carry Occurred 


on H 


ead Conversion and 


Store 


Results in Main 


Stora 


ge. Double the 


Cylinder Tens Value, Add 


1 ift 


Carry Occurred 


on Cylinder Units 


Conv 


ersion and Store in 


Mair 


Storage. 



] QH4:i,412 



Rec 


dout fron 


MPX Stomae 


the 


1400 File Unit Number. 


Ad 


d 1 to it i 


f a Corry 


Oc 


curred O 


the Cylinder 


Ter 


s Conver 


ion. Ifo 


Cy 


inder Ov 


erflow was 


FOL 


nd on the 


Cylinder 


He 


Kadecima 


to Decimal 


Conversion Add 2 Moie 


to 


he Modu 


e Value and 


Sto 


re in Mai 


n Storage. 


Rec 


dout the 


Next Position 


of Main Storage and Write 


Back the Die 


it Portion 


of 


he Byte 






Setup Main Storage Addn 
where the First Data 
Character is to be Stored 



1 

1 Read-lr 


C C H H R 




00 3C 00 08 1 I 


1 Conver 


ion 60 08 17 


! Minus 


1 11 


1 1400 


59 08 6 


1 Stored 


19 7 6 



Setup Command for 
Read with Address (IE) 



Setup Command for 
Write with Address (ID) 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. (Status 
Should be Zero) 



QH36I 




Set Op Register Bit 7 
to 1 and Wrong Length 
Record Bit in the File 
Branch Byte. 



If Read is a Load OperatI 
Bring in 9ht Character. 
Check Last Character In, 
Load and Move, to See i 
the Chaiacter has a Wore 
mark. Set an Indicator Bi 
for Validity Error if Read 
is a Load Op and Last 
Character In Did Not has 
a Wordmark oi Read is a 
Move Op and Last 
Character In has a 
Wordmark 



Set Op Register Bit 
to 1 (Data Transfer) 



Se 


t Op 


?egistei 


Bi 


4 and 


Bi 


/ to 


1 (Data 


Tr 


.nsfer 


an 


dSec 


or Cou 


It i 


s Zero). 



QH451 



Setup Counter for Data 
Field Length. 

Move Op Hex Decimal 

Sector Mode 0064 0100 
Track Mode 0BA4 2980 
Load Op Hex Decirral 

Sector Mode 005A 0090 
Track Mode 0A7A 2682 



QH471 




( Sense Command J 



Read In from the Control 
Unit and Store in MPX 
Storage CCHHRKDD 
Values. If Status In Comes 
Up During this Time Issue 
a Sense Command 



Send to the Control Unit 
from MPX Storage the 
CCHHRKDD Values. If 
Status In Comes Up 
During this Time Issue 
a Sense Command 




Subtract 1 from the 
Cylinder Value Just Read 
In and Convert the 
Remainder into Two, Units 
and Tens, Decimal Digits. 
Subtract 1 from the 
Record Value Just Read In 




Readout the Next Char 
from Main Storage 
and Check to See 
if it is GMWM. Also 
Check to See if Sector 
Count is Zero. Set Op 
Register Bit 7 to 1 
(Sector Count 



QH501 



If Read is a Load Operation 
Bring in 91st Character. 
Check Last Choracler In, 
Load or Move, to See if 
the Character has a Word- 
mark. Set Op Register Bit 
7 tool (Force Sector Count 
is Zero Indication On). 
Set an Indicator Bit On for 
Validity Error if Read is 
a Load Op and Lost 
Character In Did Not have 
a Wordmark or Read is a 
Move Op and Last 
Chorocter In has a 
Wordmark. 





Set Op Register Bit 7 
Back to 0. 



^ 



I QH501 





NO 


QH531 


Che 


ck for Any Error Bits 


Being On in the File | 


Bran 


ch Byte. If Any are 


On, 


Set the Any Disc 


Con 


Jition Bit and Reset 


the 


^ead Back Check 


Inte 


lock Bit 


1^ 1 


If Re 


cord Nu 


riber Is Less 


than 


16 (Dec) and Op Is 


in Se 


ctor Mode, Set Bi! 


Oand 3 of File Branch By'e 




QH541 


Rest 


3re A,B, and l-Stars 



Setup to Seek to the 
Original Cylinder. 



Set the Original Seek 
Cylinder Value into the 
Search Cylinder Byte. 








1 QH341 


Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Woit 
for Address In, then 
Compare Address Out 
with Address In 




Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then 
Compare Address Out with 
Address In. 



QG031 



Test P 


ogram 


Mode Sw 


itch 


Byte for Alio 


w I/O Tr 


aps 


and St 


■ Cone 


itions 




Accor 


ingly 








Setup Command (07) for 
Full Seek to Orginol Tra 



QH36I 



Set Wrong Length Record 
Bit in File Branch Byte 




^ 




Chart 137 ^®^ Wrong Lengfh Record 

in File Branch Byte 




QH471 



Readout Character from 
Main Storage and Subtract 
1 from the Counter. Check 
Character t'-- Sec if it is a 
GMWM, If it is Set an 
Indicator for Wrong Length 
Record. Change the GM- 
WM to a Blank (40) and 
Send it to the Control Unit. 
If Not GMWM, Send 
Choiacter to the Control 
Unit; Wordmorks are 
Controlled by Move or 
Load Op. Check to See 
if the Counter is Zero. 
If Status In Comes Up, Set- 
up for a Sense Command 
or Wrong Length Record. 



Ill 



QH471 



Readout Position of 
Main Storage where the 
Character is to be Stored. 
Check Main Storage 
Character to See if it is a 
GMWM. If It is. Do Not 
Advance the B-Stcr and 
Continue to Readout the 
Same Position Until the 
Counter is Zero. If a 
GMWM is Not Found, 
Continue to Bring in a 
Character at a Time Until 
the Counter is Zero. If 
Status In Comes Up and 
GMWM has Not Been 
Found Setup tor a Sense 
Command or Wrong 
Length Record. 



c 



To l-Cycle 



Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status 



Status Should be Ze 
on First Pass 





If Unit Check or Unit 
Exception Are On, Set 
Up for a Sense Command, 
Otherwise Check for Dev- 
ice End; DE will Not Be 
Up Until the Seek Is 
Completed 



Send to the Control Unit 
Bin Bin of 0000 



Set Disk Error Bit in File 
Branch Byte On 




Send to the Control Unit 
from MPX Storage CCHH 



QH381 



QH381 



Wait for Status In or Ser- 
vice In. If Service In Is 
Received, a Wrong Length 
Record Condition Must 
Be Set for Load. If Status 
In Is Received, Either 
Device End or Channel 
End Must Be Up. If Not, 
Go to Genera! Stop. 
With DE or CE Up, Check 
for Unit Check . If UC On, 
Issue a Sense Command; 
if Not, Check for Sector 
Count of Zero 



After Values ore Sent 
Wait for Status In. Status 
Should Have Channel End 
Up or Device End, if Not 
Go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On Go to 
General Stop. If Not 
Repeat Seek Command, 
but This Time Status is 
Non-Zero as the Unit 
is Seeking to Orginial 
Track 




Store Command In MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status. 




Send to the Control Unit 
Bin Bin of 0000. 



SencJ to the Control Unit 
from MPX Storage CCHH. 



1 QH361 


Unl 


CI- 


eck or L 


nit Ex- 


cep 


ion 


Bits On 


Set Up 


for 


en 


e Comm 


and. 


Oth 


erw 


ise Repe 


3t the 


Heo 


d S 


2ek 





QH381 




After Values are Sent, 
Wait for Status In. Status 
^nould have Channel End 
or Device End Up, if not 
Go to General Stop. 
With DE or CE Up Test 
for on Unit Check, if On 
Go to General Stop 





n 



to 
o 



o 
o 



I 

O 

TO 



Q 

Q_ 

Ol 

O 

cd" 
o 



DCF )400-1311 

VND, D2 D3D4D5D6 

Si S2S3 

Example 

*05I976XXX 

Change to 2311 Format 

by Doing Table Lookup 

to Select Module 2, 

Cylinder 59, Head 8, and 

Record 16. This Can be 

Determined by Dividing 

D2 D3 D4 D5 by 2 and 

Use the Remainder with 

D^ for the Record. 

Add 1 to the Cylinder and 

Record Values for 2311 

Format. End Result is: 

1400 2311 
4 2 

59 + 1 3C 



T'l 



Module 
Cylinder 



Head 
Record 



16+ 1 



11 



L_. 



3 1 Stop 



If status Has an Unit 


Check or Unit Except- 


ion 


Bit On Do a Sense 


Command . Restore the ' 


A- 


B-, and l-Stars, Then 


Ret 


urn to l-Cycles. If 


UC 


or UE Bits Are Not On, 


Ch. 


ck for Device End or 


Cor 


trol Unit End. If Either 


DE 


or CUE Are On, Retry 


the 


Command, Otherwise 


Set 


the File Branch Byte 


to Busy and Any Disk Cond- 


ition, Then Restore the A-, 


B-, 


and l-Stars and Return 


to 1 


-Cycles 




QH301 



Store l-Star, Setup the 
Op Register for a Read or 
Write, Move or Load. 

0000 0000 - Write Load 

0001 0000 - Read Load 

001 0000 - Write Move 

001 1 0000 - Read Move 



QH301,311 



Readout the Disk Control 
Field and Change from a 
1400-1311 Format to 
a 2311 Format, Change 
the Op Register to 
Indicate Sector or 
Track Mode. 



QH341 



Send Address Out. If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and l-Stars and 
Return to l-Cycles, 
If Status Isn't Received, 
Wait for Operational In 
and Address In. Check for 
Correct Address. Set H5 




Setup a Head Seek 
Command of 1 B 



Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status. 




QH37I 



Setup to do a Head Seek 
Address Transfer, Sent 
to the Control Unit 
BBCCHH from the 
MPX Storage. 



QH381 



After Last Character is 
Transferred Wait for 
Status In. Check Status 
for Device End or Channe 
End; One or the Other 
Should be Received. If 
Not goto General Stop. 
If DE or CE ore Up Check 
for Unit Check. If UC 
Exist go to General Stop 



Op Register 
I OOOOXXXXWrite Load 
I 0001 XXXX Read Load 

001 OXXXX Write Move 
I 001 1 XXXX Read Move 
. 0001 Sector Mode 

0010 Track Mode 
010] Sector Overia; 




QH421 



Store the Operation Code 
(Op Register) in MPX 
Storage to Remember what 
Operation was Done 
Lost. If this Opeartion is 
Write, Set the Read Back 
Check Interlock Bit On 
(Bit 6 of File Branch Byte) 



QH421 



Readout Compare and 
Module Protect Disable 
Byte. Check if Module 
Protect is to be Done If 
it is Check Selected File' 
Number Against a Fixed 
Number. If Numbers 
Match Go On, If Not Go 
to o General Stop 




Setup the Op Register 
to Indicate Operation 

0000 0000 - Write Load 

0001 0000 - Read Load 

0010 0000 - Write Move 

001 1 0000 - Read Move 
Set an Indicator Bit 
(S-Register) to Remember 
if this is a Track Mode 



QH421 




Setup the Counter Used 
to Address Main Storage 
to Allow the Writing or 
Reading of Sector Count 



QH341 



Reodout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In. 



UseBl when He 
Switching is Requii 




General Stop 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 



After Each Character Is 
Sent, a Test for Status In 
is Done. If Status In 
Comes Up, the Unit Check 
Bit should be On. The Unif 
Check Bit is Set if the 
Track is Flagged 
(Defective Track) or an 
Equal Address on a ID 
Search is Not Found. 
Before the Disk Passes the 
File Index Point Twice. 
This Causes Early Stotus 
and a Sense Command is 
Done. 



To l-Cycle 




c 



Sense Command 



3 



After Lost Character is 
Sent, Wait for Status 
In. Check Status for 
Device End or Channel 
End, Should Receive 
One or the Other. If Not 
go to a General Stop. 
With DE or CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit is On, 
a Sense Command Must 
be Done to Find Out the 
Cause of the Unit Check, 




Set Op Register Bit 7 
to 1 (Sector Count 00) . 



QH341 



Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address In, 
Then Compare Address 
Out to Address In. 




Was an Equal Address 


Found on this 


Search; 


If Not Repeat 


the Search 


Command 






NO ^^ "-\ YES 

Equal Address Found 



Setup Sense Corr 
04. 



QH361 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In. 



Send Service Out 



QH511 



Bring in Sense Bytes 
0, 1,2, and 3 One Byte 
at a Time and Store in 
MPX Storage. Test 
Selected Bits of Sense Byte 
0, 1 , and 2 for Error 
Condition and Set the File 
Branch Byte to Indicate 
the Error Condition, If 
Bit 6 of the Sense Byte 
(Flagged Track) is On Set 
on Indicator Bit On. 



QH521 




1 QH371 


Read In 


the CCHH Values | 


from Re 


cord RO a 


nd Store 


in CPU Storage. 


Issue 


Comma 


nd Out to 


Bring 


Status 


n. 





QH381 



Check Status for Either 
Device End or Channel 
End. If Either One is On, 
Check for Unit Check; If 
Not go to General Stop. 
If on Unit Check is Found 
do a Sense Command, If 
Not Setup to do a Full 
Seek to on Alternote Track 
Using CCHH from Record 



Set Op Register Bit to 
a 1 and Bit 7 to 20 





QH3IT 



Readout Selected File 
Unit Number and Send 
the Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In. 



QH34I 




General Stop 



Setup Command (16) to 
Read Record Address 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status, 




QH361 



If Unit Check or Unit 
Exception Is Up, Do a 
Sense Command . If UC 
and UE Are Down, but 
Device End Is Up, the 
Read RO Will Not Be 
Done . Otherwise Repeot 
Command 



Status Should be 00 




Readout Selected File 
Unit Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In, 



QH341 




General Stop 



Setup a Full Seek 
Command 07. 



QH361 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status, 




QH361 

Check for Unit Check or 
Unit Exception. If On, 
Do a Sense Command . If 
Not Test for Device End 
DE Will Not Be Up Until 

Seek Is Completed. 
UntllDevice End Comes 
Up, Repeat Seek Command 



Send Bin Bin of 0000 
to the Control Unit 



I Status Should be Zero 
on the First Pass. 



QH371 



Send CCHH Values Read 
from Record RO into 
CPU Storage to the 
Control Unit. 



QH381 



Wait for Status In. Check 
Status for Device End or 
Channel End, Go to 
General Stop if One or 
the Other is Not On, 
Check for on Unit Check, 
if Bit is On go to a 
General Stop. Otherwise 
Repeat the Seek Command 
and Status will be Non- 
Zero because Device is 
Busy Seeking 




Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out with Address In. 




Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 




If Unit Check or Unit Ex 
ception Bit Is On, Do a 
Sense Command. Other- 
wise Repeat Search Com- 




o 



Subtract 1 from the 
Sector Count 



QH441 





QH441 



Set Op Register Bit 4 
to 1 (Data Transfer) 



Set Op Register Bit 4 and 
Bit 7 to ] (Data Transfer 
and Sector Count is Zero) 



QH341 



Reod Out Selected File 
Unit Number and Send 
Address to the Control Unit 
Wait for Address In, Then 
Compare Address Out to 
Address In. 



QH341 




Set Up Command for 
Read (06) 



QH351 



Set Up Command for 
Write (05) 



Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status. (Status 
Should be Zero) 



Read Out Character from 
Main Storage and Subtract 
1 from the Counter. Check 
Character to see if it is a 
GMWM, if it is Set an 
Indicator for Wrong Length 
Record. Change the 
GMWM to a Blank (40) 
and Send it to the Control 
Unit. Wordmark 
Controlled by Move or 
Load Op . Check to see if 
the Counter is Zero. If 
Status In Comes Up, Setup 
for a Sense Command or 
Wrong Length Record. 



Read Out Position of Main 
Storage where the Charac- 
ter is to be Stored. Check 
Nain Storage Character to 
f it is a GMWM. If it 
is, do not Advance the B- 
Star and Continue to Reod 
Out the Same Position Un- 
till the Counter is Zero. If 
a GMWM is not Found, 
Continue to Bring in o 
Character at a Time Until 
the Counter is Zero. If 
Status In Comes Up and a 
GMWM has not Been Found 
Set Up for a Sense Comm- 
and or Wrong Length 
R 



QH381 



Wait for Status In or Ser- 
vice In. If Service In is 
Received, a Wrong Length 
Record Condition Must be 
Set. If Status In is Received, 
Either Device End or Chan- 
nel End Must be Up. If not, 
go to General Stop, if Unit 
Check is Up, Issue a Sense 
Command; if not. Check 
Sector Count 




Set Wrong Length Record 
Bit in File Branch Byte On 



n 



o 



4^ 
O 
O 



o 

-a 



to 

•» 

Q 

3 
Q_ 

On 
O 



LO 



N5 





Set Up Counter for Data 
Field Length 

Move Op Hex Decimal 

Sector Mode 0064 01 00 
Track Mode 0BA4 2980 
Load Op Hex Decimal 

Sector Mode 005A 0090 
Track Mode 0A7A 2682 




General Stop 



Set Op Register Bit 
7 to I and Wrong 
Length Record in the 
File Branch Byte 








QH531 



Setup to Seek to the 
Original Cylinder 



Check for Any Error Bits 
Being On in the File 
Bronch Byte. If Any are 
On, Set the Any Disk 
Condition Bit and Reset 
the Read Back Check 
Indicator Bit. 



QH422 



Set the Original Seek 
Cylinder Value into the 
Search Cylinder Byte 




Set Up Main Storage Address 
to Store Convert Numbei 



QH401 



Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Corttiitions 
Accordingly 



Subtract 1 from the 
Cylinder Value, Convert 
the Remainder into Two, 
Units and Tens, Decimal 
Digits. Subtract I from 
the Record Value 



To l-Cycles 




QH431 



If Read is a Load Op Bring 
in the 91st Character. 
Check Lost Character In, 
Move and Load, to See if 
the Character has a Word- 
k Set a Indicator Bit if 
the Lost Character has a 
Wordmark and Op is Move, 
or Op is Load and Last 
Character did not Have a 
Workmark . 



QH501 



Read Out the Next Chorac- 
ter from Main Storage and 
Check to See if it is a 
GMWM. Also Check to 
See if Sector Count is 
Zero. Set Op Register Bit 
7 to 1 (Sector Count). 



Read Out Record Value 
from MPX Storage and 
Test to See if the Value 
is 14 (20 Decimal) 



If Read is a Load 
Operation Bring in 9Ist 
Character. Check Last 
Character in. Load or 
Move, to See if the 
Charocter has a Word- 
rk. Set Op Register 
Bit 7 to 1 (Sector 
Count is Zero). Set an 
Indicator Bit On for 
Validity Error if Read 
is a Load Op and Last 
Character In did Not 
have a Wordmark or 
Read is a Move Op and 
Last Choracter In 
has a Wordmark. 




Read-In 


C 


C 


H 


H 


^ 




00 


3C 


00 


08 


" 


Conversi 


>n 


60 




08 


'7 


Minus 




1 






111 


1400 




59 




08 


6l 


Stored 




19 




7 


6l 



QH431 



Setup for Head Switch On 
Search. Set Record Value 
to 01 . Set Op Register Bit 
4 to 0. Readout the Head 
Value, Check for Head 9. 



QH431 



Add 1 to the Record Value. 
Set Op Register Bit 4 to 
0. Set Bit 3 of I/O Error 
Byte to Indicate DCF has 
Been Incremented. 



Change Head Vol 
to 00 and Add 1 to 
the Cylinder Value 




If Record Value is Ten or 
More, Subtract Ten. Store 
Correct Record Value in 
Main Storage. Double the 
Head Value, Add 1 if 
Record Value was Ten or 
More. Store Correct Head 
Value in Main Storage, 
Double the Cylinder Units 
Value, Add 1 if Carry 
Occurred on Head Conver- 
sion and Store Results in 
Main Storage. Double the 
Cylinder Tens Value, Add 
1 if a Carry Occurred on 
Cylinder Units Conversion 
ond Store in Main Storage 



Add 1 to Head Value 




Set Op Register Bit 7 to 
(Sector Count Not 000) 



NO 
1 I I QH501 



Set Bit 3 of I/O Error 
Byte (DCF Incremented) 




Set Bit 3 of I/O Error 
Byte (DCF Incremented) 



QH422 



Set Wrong Length Record 
Bit in File Branch Byte 



Store the Cylinder Value 
in the Cylinder Buffer 
Byte 



Set Disk Error Bit in File 
Branch Byte On 






QH411,412 



Read Out from MPX 
Storage the 1400 File 
Unit Number. Add 
1 to it if o Carry 
Occurred on the 
Cylinder Tens 
Conversion. If a 
Cylinder Overflow was 
Found on the Cylinder 
Hexadecimal to Decimal 
Conversion Add 2 More 
to the Module Value and 
Store in Main Storage. 
Readout the Next Position 
of Main Storage and Write 
Bock the Digit Portion of 
the Byte. 



QH531 



Set Wrong Length Record 
Bit in File Branch Byte 





Unit Check or Unit Ex- 
ception On, Do o Sense 
Command . Check for De 
vice End. DE Will Not 
Be Up Until the Seek 
Is Completed 



Read Out Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In 
and Compare Addresses. 
If Address do not Match 
go to General Stop. 



QH351 



Set Up Command (07) for 
Full Seek to Original Track 



QH361 



Store Commond in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status. Status Should be 
Zero on First Poss, 




Sense Command 




:) 



NO 



Set Op Register Bit to 
(Not Alternate Track) 



QH422 



Set Up to Do a Head Seek 




rQH341 



Read Out SelectedFile Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In and Compare 
Address , If Addresses do not 
Match Go to General Stop 



QH351 



Send to the Control Unit 
Bin Bin of 0000 



Set Up Head Seek 
Command 1 B 



QH371 



Send to the Control Unit 
CCHH from MPX Storage 



QH381 



After Values ore Sent Wait 
for Status In. Status 
Should Hove Channel End 
Up or Device End, if not 
go to General Stop, With 
DE or CE up Test for on 
Unit Check, if on Go to 
Generol Stop, If Not 
Repeat Seek Command, 
But this Time Status is 
Non-Zero as the Unit is 
Seeking to Original 
Cylinder 



Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status, 




Send to the Control Unit 
Bin Bin of 0000 



QH371 




Send to the Control Unit 
CCHH from MPX Storage 



QH381 



After Values are Sent 
Wait for Stotus In, Status 
Should hove Channel End 
or Device End Up, If Not 
Go to General Stop, With 
DE or CE Up Test for on 
Unit Check, If on Go to 
General Stop, Otherwise 
Set Op Register Bit to 



Chart 139 



QH361 



QH541 



Restore A,B, and l-Star 



^ 



Unit Check or Unit 
Exception Bit On . If So 
Do a Sense Command. 
Otherwise Repeat the 
Head Seek , 



QG031 



Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Conditions 
Accordingly 



(V 



c 



To l-Cycles 




n 



o 
o 



CD 
I 
TO 

o 



> 

Q_ 
Q_ 



o 

CD* 
O 



QH301 



D<;D. 



DCF 1400-1311 

*/N D, D2 D3 

S, $2 S3 

Example 

*05I976xxx 

Change to 2311 Format 

by Doing Table Lookup 

to Select Module 2, 

Cylinder 59, Head 8, and 

Record 16. This con be 

Determined by 

Dividing D2 Dj D4 D5 by 

2 and Use the Remainder 

with D^ for the Record. 

Add 1 to the Cylinder and 

Record Values for 231 1 

Format. End Result is: 

1400 
Module 4 



Cylinder 

Head 

Record 



59 + 1 



2311 
2 
3C 



Store l-Sfar, Setup the 
Op Register for a Read or 
Write, Move or Load. 

0000 0000 - Write Load 

0001 0000 - Read Load 

0010 0000 - Write Move 

001 1 0000 - Read Move 



QH301,31I 



Readout the Disk Control 
Field and Change from a 
1400-1311 Format to 
a 2311 Format. Change 
the Op Register to 
Indicate a Read Bock 
Check 



QH341 



Send Address Out. If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and l-Stars and 
Return to l-Cycles. 
If Status Isn't Received, 
Wait for Operational In 
and Address In. Check for 
Correct Address Set H5 
to Prevent Interrupt. 




Store Command In MPX 
Storage and Issue the 
Command. Walt for 
Status In and Test for 
Zero Status. 





QH361 


If Status has an Unit 


Check or Unit Exception 


Bit On, do a Sense 


Command. If UC or UE 


Bits are Not On Check for 


Device End or Control Unit 


End. If Either DE or CUE 


ore On Retry the Command. 


Otherwise Set the File 


Branch Byte to Busy and 


any Disk Condition, then 


Restore the A, B, and 1 


Stars and Return to l-Cycles 




.^QH361 




Setup to do a Head Seek 
Address Transfer. Sent 
to the Control Unit 
BBCCHH from the 
MPX Storage. 



QH.381 



After Last Character Is 
Transferred Wait for 
Status In. Check Status 
for Device End or Channel 
End; One or the Other 
Should be Received. If 
Not goto General Stop. 
If DE or CE ore Up, Check 
for Unit Check. If UC 
Exist go to General Stop 



Op Register for RBC 



I 0000 0011 Write Load 

I 0001 001 1 Read Load 

I 0010 0011 Write Move 

,0011 0011 Read Move 




QH421 



Readout Last Operation, 
Code and Set Op Register 
for Read Sector or Track 
Op Register 
0101 XXXX Read load 
0111 XXXX Read Move 

0110 Sector Addres: 
1100 Track Address 



QH421 



Readout Compare and 
Module Protect Disable 
Byte. Check If Module 
Protect is to be Done, If 
it is,Check Selected File 
Number Against a Fixed 
Number. If Numbers 
Match Go On, If Not go 
too General St. 




Setup the Op Register 
to Indicate on Address 
Operation (Bit 6) 
0101 0010 - Read Load 
0111 0010 - Kead Move 
Set on Indicator Bit 
(S-Register) to Remember 
if this is a Track Mode 



Set Cou 


nt Field in MPX 


Storage 


to 0064 (Sector 


Mode) c 


>r 0BA4 (Track 


Mode). 




Hex 


Decimal 


0064 


0100 


0BA4 


2980 



1 QH422 


Ch 


eck 


to See if the 


Co 


mpo 


e D 


sable Bit Is 


Or 


. If 


It Is 


On, Set Up a 


Se 


Kch 


to R 


ecord 


wi 


hou 


Fir 


t Searching 


for the 


Rec 


3rd Address. 



C!)u, ! 142 
QH422 I FW I 



Set Re. 
and th. 
to the 
Value 



:ord Value to 00 
5 Cylinder Value 
Seek Cylinder 



^ 




Op Register Bit 



111 



If Seal 


ch Jus 


Completed 


wasfo 


r Reco 


d 0, the 


Search 


Is Cor 


npleted. If 


it wasr 


't.a Sc 


arch On 


Record 6 Must be Done | 


to Set 


the Fi 


eand 


Contro 


1 Unit 


in Time 



QH341 



Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In. 





Chart 142 



Store Corr 


mand in MPX 


Storage a 


id Issue the 


Command 


Wait for Status 


In and Test for Zero ' 


Status. 





After Each Character is 
Sent, o Test for Status In I 
is Done. If Status In Comes 
Up, the Unit Check Bit ' 
Should be On. The Unit 1 
Check Bit Is Set If the 
Track Is Flagged 
(Defective Track) or an ' 
Equal Address on a ID | 

Search Is Not Found before 
the Disc Passes the File | 
Index Point Twice. This 
Causes Early Status and a I 
Sense Command Is Done 




To l-Cycles 



After Last Character is 
Sent, Wall for Status 
In. Check Status for 
Device End or Channel 
End, Should Receive 
One or the Other. If Not 
go to a General Stop. 
With DE or CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit Is On, 
a Sense Command Must 
be Done to Find Out the 
Cause of the Unit Check 




1' Ji 



U QH341 



Set Op Register Bit 7 tc 
1 (Sector Count 00). 



1 QH341 


Readout Selec 


ed File 


Nun 


ber and S 


snd the 


Add 


■ess to the 


Control 


Unl 


, Walt fo 


Address In, 


the, 


Compare 


Address 


Out 


to Addres 


In. 




Was an Equal Addres: 
Found on this Search 
If Not Repeat the Se 
Command 



QH39I 




Setup Sen 
04. 



1 QH361 


Store 


Com 


Tiand I 


n MPX 


Stora 


qe an 


d Issue 


the 


Comn 


nand 


. Wait 


for 


Statu 


s In. 







Send Service Out 



Bring in Sense Bytes 


0,1,2, and 3 One Byte 


at a Time and Store In 


MPX Storage. Test 


Selected Bits of Sense 


Byte 0, 1, and 2 for 


Error Condition and Set 


the File Branch Byte 


to Indicate the Error 


Condition. If Bit 6 of the 


Sense Byte (Flogged 


Track) Is On Set an 


Indicator Bit On. 




QH371 



Read In the CCHH Values 
from Record RO and Store 
in CPU Storage. Issue 
Command Out to Bring 
Status In. 



QH381 



Check Status for Either 
Device End or Channel 
End. If EitherOne is On, 
Check for Unit Check; If 
Not go to General Stop. 
If on Unit Check is Found 
do a Sense Command, If 
Not Setup to do a Full 
Seek to an Alternate Trac 
Using CCHH from Record 




Readout Selected File 
Unit Number and Send 
the Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Addi 




al Stop 



Setup Command (16) to 
Read Record Address 



QH361 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status . 






NO T 


QH361 


If Unit 


Ch 


eck or U 


nit 


Except 


on 


Is Up do 


a Sense 


Comma 


nd 


If UC 


and UE 


are Do 


«n 


but Dev 


ce End is 


Up the 


Re 


3d ROw 


II Not 


be Don 


e. 


Otherwl 


e Repeat 


Comma 


id 







Status Should be 00 




Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
then Compare Address 
Out with Address In. 




General Stop 



Setup a Full Seek 
Command 07. 



Store Command i 


iMPX 


Storage and issue 


the 


Command. Wait 


or 


Status In and Test for 


Zero Status. 






Send Bin Bin of 0000 
to the Control Unit 



Status Should be Zero 
On the First Pass. 



Send CCHH Va 


ues 


Read 


from Re 


;ord RO 


nto 




CPU Stc 


rage to 


the 




Control 


Unit. 







QH381 



Wait for Status In. Check 
Status for Device End or 
Channel End, go to 
General Stop if One or 
the Other is Not On. 
Check for an Unit Check, 
If Bit is On go too 
General Stop. Otherwise 
Repeat the Seek Command 
and Status will be Non- 
Zero because Device is 
Busy Seeking 




Chec 


k for Unit Check or | 


Unit 


Exception. 


If On, 


do a 


Sense Comn 


nand. 


If Not, Test for 


Device 


End: 


DE will No 


t be Up 


Unfi 


the Seek i 


Complet- 


ed. 


Until the D 


evice End 


Com 


es Up Repea 


tSeek 


Com 


mand. 






Insure Bit 4 of the 
Op Register is 



QH341 



Readout Selected File 
Unit Number and Send 
Address to the Control Unit 
Wait for Address In, then 
Compare Address Out 
with Address In. 




Store Command 


•n MPX 


Storage 


3nd Issue the 


Command. Walt 


for 


Status In 


and Test for 


Zero Sta 


tus. 






If Unit Check or Unit 
Exception Bit is On 
Restore the A,B, and I 
Stars and go to l-Cycles. 
Otherwise Repeat Search 
Command 
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n 






4i«. 
O 
O 



CD 
I 

DO 

n 



> 

Q. 
Q. 



o 

o 



3- 

CD 
CD 



I QH341 



Read Out Selected File 
Unit Number and Send 
Addre5s to the Control 
Unit. Wait for Address 
In. Then Compare Address 
Out with Address In 



QH341 




Set up Command for 
Read with Address (IE) 



QH361 



Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status (Status Should 
be Zero) 




QH371 



Read In from the Control 
Unit and Store in MPX 
Storage CCHHRKDD 
Values. If Status In 
Comes Up During this Time 
a Sense C 



l-Cycles 



Set Op Register Bit 4 
to 1 (Data Transfer) 



Set Op Register Bit 4 and 
Bit 7 to 1. (Data Transfer 
and Sector Count is Zero). 



QH451 



Setup Counter for Data 
Field Length 

Move Op Hex Decimal 

Sector Mode 0064 01 00 

Track Mode 0BA4 2980 

Load Op Hex Decimal 

Sector Mode 005A 0090 

Track Mode 0A7A 2682 



QH501 



Set Op Register Bit 7 to 



QH461 



Read Out the Data 
Character from Main 
Storage and Check to see 
if it is a GMWM. If it 
is a GMWM a Wrong 
Length Record Condition 
Exists. Setup tiie Word- 
mark Bit Depending on the 
Operation Being a Load or 
Move. Compare Storage 
Character to the Bus In 
Character. If Characters 
Do not Compare, Set an 
Indicator Bit to End 
Routine or Set Volidty 
Error Bit in File Branch 
Byte. This Continues 
Until Counter is Zero or a 
GMWM is Found. If 
Status In Comes Up During 
this Time an Error Condi- 
tion exists 




If Operation is a Load and 
a RBC Error, Non Compare 
has Occurred Set Op- 
Register Bit 7 to 1 (Sector 
Count is 000) . If Opera- 
tion is a Load Bring in the 
91st Character. Check 
Last Character In, Load or 
Move , to See if the 
Character has a Workmark 
Set an Indicator Bit for 
Volidty Error if Read is a 
Load Op and Last 
Character In did not have 
a Wordmark or Read is a 
Move Op and Last 
Character In Has o Word- 
mark 



QH501 



Read Out the Next 
Character from Main 
Storage and Check to 
See if it is a GMWM. 
Also Check if Sector 
Count is Zero. Set Op 
Register Bit 7 to 1 . 



QH341 





Set Wrong Length Record 
Bit in File Branch Byte. 



ZL 



If Read is a Load Operat 
Bring in the 91st Character. 
Check Last Character In, 
Load or Move , to See if 
the Chai actei has a 
Wordmark. Set Command 
Out to End Operation . Set 
Op Register Bit 7 to 1 . Set 
an Indicator Bit On for 
Validity Error. If Read is 
a Load Op and Last Char- 
acter In did not Have a 
Wordmark or Read is a 
Move Op and Last Char- 
acter In has a Wordmark 





Set Disc Erro 
File Branch Byte 



OH381 



Wait for Status In or 
Service In. If Service In 
is Received a Wrong 
Length Record Condition 
Must be Set. If Status In 
is Received, Either 
Device End or Channel 
End Must be Up. If not 
go to General Stop. With 
DE or CE Up Check for 
an Unit Check, if On 
Issue Sense Command, 











QH501 


Set 


Op Regi 


ster 


Bit 7 


to 


and Wr 


jnc) 


Length 


Rec 


ord Bit i 


nth 


e File 


Bra 


nch Byte 







Check for any Error Bits 


Being On in the File 


Branch Byte. If any ore 


On, Set any Disk 


Condition Bit and Reset 


the Read Back Check 


Indicator Bit. 




OH531 


If Record Number Is 


Less than 16 (Dec) and 


in Sector Mode, Set Bit 


and 3 of File Branch 


Byte 



Set the Original Seek 
Cylinder Value into the 
Search Cylinder Byte 



Restore A,B, 
and l-Stars 



Send to the Control Unit 
Bin Bin of 0000 



Send to the Control Unit 
CCHH from MPX Storage 



QH381 



After Values are Sent, 
Wait for Status In. Status 
should have Channel End 
Up or Device End, if not 
go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On goto 
General Stop. If Not 
Repeat Seek Command, 
but this Time Status is 
Non-Zero as the Unit is 
Seeking to Original 
Track. 




Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
In, then Compore 
Address Out with 
Address In 



QG031 



Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Conditions 
Accordingly. 



To l-Cycles 




Store 


C 


ommond 


n MPX 


Stora 


qe 


and Issue the ] 


Comr 


nar 


d. Wait 


for 


Stotu 


s 1 


n and Test for 


Zero 


St 


atus. 





If Ur 


it Check or Unit Ex- 


cept 


on Are On, Do a 


Sens 


i Command, Other- 


wise 


Check for Device End, 


DE w 


ill Not Be Up Until 


the S 


eek Is Completed 




Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out with Address In 




Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status. 



QH361 



If Unit Check or Unit 
Exception Bit Is On, Do a 
Sense Command. Other- 
wise Repeat the Head Seek 




Send to the Control Unit 
Bin Bin of 0000 




Send to the Control Unit 
CCHH from MPX Storage 



QH381 



After Values are Sent, 
Wait for Status In. Status 
Should have Channel End 
or Device End Up, if not 
go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On goto 
General Stop. 



General Stop 




Set Op Register Bit to 
(Not Alternate Track) 



FW 
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DCF 1400-1311 
VND) D2 D3 D4 D5 D6 
51 52 53 
Example 
•051976 XXX 
Change to 231 1 Format 
by Doing Table Lookup 
to Select Module 2, 
Cylinder 59, Head 8, one 
Record 16. This can 
be Determined by 
Dividing D2 D3 D4 D5 by 
2 and Use the Remainder 
with D6 for the Record. 
Add 1 to the Cylinder one 
Record Values for 2311 
Format. End Result is: 

1400 2311 

Module 4 2 

Cylineer 59+1 
Head 08 

Record 16+1 



3C 



1 QH301 


Store l-Star, 


Setup the 


Op Register for a Read or ] 


Write, Move 


or Load. 


00000000 - 


Write Load 


0001 0000 - 


Read Lood 


0010 OOCO - 


Write Move 


001 1 0000 - 


Read Move 



Read out the Disk Control 
Field and Change from a 
1400-1311 Format to 
a 23 1 1 Format . Change 
the Op Register to 
Indicate a Read Back 
Check 



1 Op Registe 


r 




1 0000 0011 


Wr 


'te Load 


1 0001 0011 


Read Load | 


; 0010 0011 


Wr 


te Move 


1 0011 oon 

1 


Re 


3d Move 



Send Address Out . If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and l-Stars and 
Return to l-Cycles. 
If Status isn't Received 
Wait for Operational In 
and Address In. Check 
for Correct Address . 




Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status 




If Status Has on Unit CI' 
or Unit Exception Bit On, 
Do a Sense Command. If 
UC or UE Bits Are Not On 
Check for Device End or 
Control Unit End. If Either 
DE or CUE Are On, Retry 
the Command. Otherwise 
Set the File Branch Byte 
to Busy and any Disk Con- 
dition; Then Restore the 
A-,B-, and l-Stars and 
Return to l-Cycles 



Setup to do a Head See 
Address Transfer . Sent 
to the Control Unit 
BBCCHH from the 
MPX Storoge . 



QH3B1 



After Lasf Character is 
Transferred Wait for 
Status In. Check Status 
for Device End or Channel 
End; One or the Other 
Should be Received. If 
not go to General Stop. 
If DE or CE ore up. Check 
for Unit Check. If UC 
Exist go to General Stop 




Readout Last Operatic 
Code and Set Op 
Register Reod 
Op Register 



0101 
0111 



Reod Load 
Read Move 



0001 
0010 
0101 



Readout Compare ond 
Module Protect Disable 
Byte. Check if Module 
Protect is to be Done. If 
it is Check Selected File 
Number Against a Fixed 
Number. If Numbers 
Match go on. If not go to 
a General Stop 




Setup the Op Register 
to Indicate Operation 
0101 0000 - Read Load 
0111 0000 - Read Move 
Set on Indicator Bit 
(S-Reg!ster) to Remember 
if this is a Track Mode 




Setup the Cou 


ter Used 


to Address Mo 


n Storage 


to Allow the R 


eodlng of 


the Sector Coi, 


nt 



Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Woit for Address 
In, then Compare Ad- 
dress Out to Addri 



al Stop 




Use Bt when Head | 

Switching is Required I 



Setup a Search Co 
(31 or Bl) 



Status Sho 
at this Tirr 


uld be Zero 1 

1 



1 QH36I 


Store 


Command in MPX 


Storage and Issue 


the 


Com 


nond. Wait for | 


StatL 


s In and Tes 


for 


Zero 


Status 





Set 



After Each Character is 
Sent, a Test for Status In 
is Done. If Stotus In 
Comes Up, the Unit 
Check Bit Should be On. 
The Unit Check Bit 
If the Track is Flagged 
(Defective Track) or or 
Equal Address on a ID 
Search is not Found 
Before the Disc Passes 
the File Index Point 




To 1-Cycl 





QH381 


Aft 


ei Last Character is 


Sen 


t. Wait for Status 


In. 


Check Status for 


Device End or Channel 


Enc 


, should Receive 


On 


e or the Other. If not 


qo 


a General Stop. 


Wi 


h DE or CE Up, Check 


for 


Unit Check Bit. If 


Un 


t Check Bit is On, 


oS 


ense Command must 


be 


Done to Find Out the 


Co 


jse of the Unit Check. 




Set Op Register 
1 (Sector Count 00) 



QH341 



Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out to Address In. 




Was an 


Equo 


1 Address 




Found 


on th 


s Search; 




If not Repeo 


the Sear 


ch 


Commo 


nd 








Setup Se 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Stotus In. 



QH511 



Bring in Sense Bytes 
0,1,2, and 3 One Byte 
Ota Time and Store in 
MPX Storage. Test Select 
ed Bits of Sense Byte 0,1, 
and 2 for Error Condition 
and Set the File Branch 
Byte to Indicate the Error 
Condition. If Bit 6 of the 
Sense Byte (Flagged 
Track) is On Set an 
Indicator Bit On. 




Readout Selected File 
Unit Number and Send the 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address Out 
to Address In. 



QH341 




Stop 



3 



Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 








Ino 


QH361 


II Uni 


Ch 


eck or U 


itEx- 


ceptio 


1 Is 


Up, Do a Sensel 


Comm 


nd 


If UCo 


id UE 


Are D 


3wn 


but Devi 


ceEnd 


Is Up, 


the 


Read RO Will 


Not Be Dc 


ne. Otherwise 


Repeo 


Command 






QH381 




Read In the CCHH Values 
from Record RO and Store 
in CPU Storage. Issue 
Command Out to Bring 
Status In. 



QH381 



Check Status for Either 
Device End or Channel 
End. If Either One is On, 
Check for Unit Check. If 
Not go to General Stop. 
If an Unit Check is Found 
do o Sense Command, If 
Not Setup to do o Full 
Seek to an Alternate 
Track Using CCHH from 
Record 0. 




Stop 



3 



Setup to Develop a 
Full Seek Command 
an Alternate Track. 



I QH341 



Reodout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
then Compare Address 
Out with Address In. 




Store Command In MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 


Zero 


Status. 






Che 


ck for Unit Check or 


Uni 


Exception. If On Do 


Sense Command. If Not, 


Tes 


for Device End. DE 


Will Not Be Up Until the | 


See 


< Is Completed. Until 


the 


Device End Comes Up, 


Repeat the Seek Command 



Status Should be Zen 
on the First Pass. 



Readout Selected File 
Unit Number and Send 
Address to the Control Unit 
Wait for Address In, then 
Compore Address Out 
with Address In 




Store Comm 


and 


in MPX 


Storage and 


Issu 


e the 


Command . 


Wait 


for 


Status In an 


d Test for 1 


Zero Status 








Walt for Stoti 


s In. Check 


Status for De\ 


ice End or 


Channel End, 


Go to General 


Stop if One 


r the Other is 


Not On. Ch 


»ck for an Unit 


Check, if Bit 


is On go too 


General Stop 


Otherwise 


Repeat the Se 


ek Command 


and Status wi 


1 be Non- 


Zero Because 


Device is 


Busy Seeking 






n 



4^ 



4^ 
O 
O 



o 
I 

^J3 

n 



to 

Q 
Q. 

O 
(/> 

o 

O 

<* 

(D 



to 




QH4«1 



Readout the Data Char 
from Main Storage and 
Check to See if it is a 
GM\NM. If it is a 
GMWM, a Wrong Length 
Record Condition Exists. 
Setup the Wordmark Bit 
Depending on the Opera- 
tion, Load or Move 
Compare Storage Character 
to the Bus In Character. 
If Characters Do Not Com- 
pere, Set an Indicator Bit 
to End Routine or Set 
Volidty Error Bit in File 
Branch Byte. This Con- 
tinues Until the Counter is 
Zero or a GMWM is 
Found. If Status In Comes 
Up During this Time an 
Error Condition Exists. 



Wait for Status In or 
Service In. If Service In 
is Received a Wrong 
Length Record Condition 
Must be Set. If Status In 
is Received, Either Devic 
End or Channel End Must 
be Up. If not go to 
General Stop. If Unit 
Check is Up Issue a Sens< 
Command, if not Check 
Sector Count. 




Set Wrong Length Record 
Bit in File Branch Byte On, 




General Stop 



J 







QH531 



Check for Any Error Bits 
Being On in the File 
Branch Byte. If Any Are 
On, Set the Any Disk 
Condition Bit and Reset the 
Read Back Check Indr Bit 




Restore A, B, and l-Stars 



QH031 



Test Program Mode 
Switch Byte for Allow 
I/O Traps and Set 
Conditions Accordingly 



c 



To l-Cycles 



If Operation is a Load 
and a RBC Error, Non 
Compare, has Occurred 
Set Op Register Bit 7 to 1 
(Sector Count is 000) . If 
Operation is a Load, 
Bring in the 91st Char 
Check Last Character In, 
Load or Move, to see if 
the Character has a Word- 
mark. Set an Indicator 
Bit for Volidty Error if 
Read is a Load Op and 
Last Character In Did Not 
have a Wordmark or Read 
is a Move Op and Last 
Character In has a Word- 
mark. 



W^iit Until Counter 
Zero 



QH501 



Readout the Next 
Character from Main 
Storage and Check to Se( 
if it iso GMWM. Also 
Check to See if Sector 
Count is Zero. Set Op 

lister Bit 7 to 1 
(Sector Count). 



Readout Record Value 
from MPX Storage and 
Test to See if the Value 
is 14 (20 Decimal) 



Read- In C C 


H 


H R 1 


00 3C 


CO 


08 111 


Conversion 60 




08 17, 


Minus 1 




111 


)400 59 




08 6| 


Stored 19 




7 6l 



QH501 



If Read is a Load Op 
Bring In the 9 1st Character. 
Check Last Character In, 
Load or Move, to See if 
the Character has a 
Wordmark . Set Command 
Out to End Operation. 
Set Op Register Bit 7 to 1 . 
Set an Indicator Bit on for 
Volidty Error If Read is a 
Load Op and Lost Char 
In Did Not have a 
Wordmark or Read is a 
MoveXDp and Last 
Character In has a 
Wordmark. 



UO^ Charoctei 

GMWM 




Setup for Head Switch On 
Search. Set Op Register 
Bit 4 to 0. Readout the 
Head Value, Check for 
Head 9. 



QH431 




Add 1 to the Record Value, 
Set Op Register Bit 4 to 
0. Set Bit 3 of I/O Error 
Byte to Indicate DCF has 
Been Incremented. 



Change Head Value 
to 00 and Add 1 to 
the Cylinder Volue 



Add 1 to Head Value 



Set Op Register Bit 7 
to 1 . Set Wrong Length 
Record Bit in File Branch 
Byte On 



NO QH501 



Set Op Register Bit 7 

to (Sector Count Not 000) 




QH431 




Set Bit 3 of I/O Error 
Byte (DCr Incremented) 



Set Bit 3 of I/O Error 
Byte (DCF Incremented) 



QH422 



Setup to Seek to the 
Original Cylinder 



Set the Original Seek 
Cylinder Value into the 
Search Cylinder Byte 



Setup Main Storage Addr 
to Store Convert Numbers 



Subtract 2 from the 
Cylinder Value. Convert 
the Remainder into Two, 
Units and Tens, Decimal 
Digits. Subtract 1 from 
d Value. 




If Record Value Is Ten or 
More, Subtract Ten. Store 
Correct Record Value in 
Main Storage. Double the 
Head Value, Add 1 if 
Record Value was Ten or 
More. Store Correct Head 
Value in Main Storage. 
Double the Cylinder Units 
Value, Add 1 if Carry 
Occurred on Head Con- 
version and Store Results 
in Main Storage. Double 
the Cylinder Tens Value, 
Add 1 if o Carry Occurred 
on Cylinder Units Con- 
version and Store in Main 



QH411,412 



Readout from MPX Storage 
the 1400 File Unit No. 
Add 1 to it if a Carry 
Occurred on the Cylinde 
Tens Conversion. If o 
Cylinder Overflow was 
Found on the Cylinder 
Hexadecimal to Decimal 
Conversion Add 2 More 
to the /A>dule Value and 
Store in Main Storage. 
Readout the Next Positioi 
of Main Storage and 
Write Back the Digit 
Portion of the Byte. 



Set Wrong Length Record 
Bit in File Branch Byte 



Store the Cylinder Value 
in the Cylinder Buffer 
Byte 



Set Disk Error Bit in 
File Branch Byte On 





Set Wrong Length Record 
Bit in File Branch Byte 







QH341 



Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In and Com- 
pare Addresses. If Address 
do not Match go to 
General Stop. 



QH351 



Setup Command (07) for 
Full Seek to Original Track 



QH361 



Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status. 
Status should be Zero on 
First Pass. 




Send to the Control Unit 
Bin Bin of 0000 



QH371 



Send to the Control Unit 
CCHH from MPX Storage 



QH381 



After Values are Sent,Wai1 
for Status In. Status 
Should hove Channel End 
Up or Device End, If not 
Go to General Stop. With 
DE or CE up Test for an 
Unit Check. If On Go to 
General Stop. If not 
Repeat Seek Command, 
But this time Status is 
Non-Zero as the Unit is 
Seeking to Original 
Cylinder. 





QH361 

If Unit Checker Unit 
Exception are on, do a 
Sense Command. 
Check for Device End. 
DE Will not be Up Until 
the Seek is Completed 



Sense Command 




J 



Set Op Register Bit to 
(Not Alternate Track) 



Setup to do a Head Seek 



QH341 



Readout Selected File Unit 
No. and Send Address to 
the Control Unit. Wait for 
Address In and Compare 
Address. If Address do Not 
Match Go To General Stop 



QH351 



Setup Head Seek Command 
IB 



QH361 



Store Command In MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status 




QH371 



Send to the Control Unit 
Bin Bin of 0000 



Send to the Control Unit 
CCHH from MPX Storage 



QH3B1 



After Values ore Sent 
Wait for Status In. Status 
Should Hove Channel End 
or Device End Up, If Not 
Go to General Stop. With 
DE or CE Up Test for on 
Unit Check. If On Go to 
General Stop. Otherwise 
Set OP Register Bit to 0. 



Unit Check or Unit 
Exception Bit is On, 
do o Sense Command. 
Otherwisi Repeat the 
Head Seek. 



Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Conditions 
Accordingly. 



c 



To l-CycU 



J 




o 



4s- 



4^ 
O 
O 



on 

o 

Q 

o 

-a 
O 

(d' 
o 



DCF 1400-1311 
/N D2D3 D4 D5 D6 
Si 52 53 
Example 
•051976 XXXX 
Changed to 2311 Format 
by Using Table Look Up 
to Select Module 2, 
Cylinder 59, Head 8, 
and Record 16. This can 
be Determined by 
Dividing Dj D3 D^ D5 by 
2 and Using the Remainder 
with D^for the Record . 
Add 1 to the Cylinder 
Record Values for 
2311 Formot. 
End Result Is: 



1400 2311 



Module 
Cylinde 



c 



3 



Store l-Stor, Setup the 
Op Register for VVite In 
Move or Load Mode . 
0000 0000 Load 
0010 0000 Move 



I QH301, 311 



Op Register 

0000 XXXX V/rite Load 

0010 XXXX Write Move 

1 1 1 Low 

1 000 Equal 
100 1 High 



Readout the Disk Control 
Field and Change from a 
1400-1311 Format to a 
2311 Format. Change 
the Op Register to 
Indicate High, Equal, 
Of Low Scon 



Send Address Out. If 



ed. Set 



the File Branch Byte for 
Busy and Any Disk Condi- 
tion . Restore the A, B, 
and l-Stors and Return to 
l-Cycles. If Status isn't 
Received, Wail for Oper- 
otionol In and Address In, 
Check for Correct Address 




If Status Has a Unit 
Check or Unit Exceptio. 
Bit On, Do a Sense 
Command. If UC or UE 
Bits are not On, Check 
for Device End or Contr 
Unit End. If Either DE 
CUE ore Up, Retry the 
Command. Otherwise 
Set the File Branch Byte 
to Busy and Any Disk 
Condition, then Restore 
the A, B, and l-Stors 
and Return to l-Cycles 



Store Con- 


mand 


in MPX 


Storage a 


id Issu 


ethe 


Command 


Wa 


tfor 


Status In and Test for ] 


Zero Stat 


'• 







Setup to do a He 
Address Transfer 
the Control Unit Bin. 
Bin of 0000 and CCHH 
from MPX Storage. 



After Last Char 


acter is 




Transferred Wa 


t for S 




Status In, Chec 


k Statu 




for Device End 


or Cha 




nel End . One 


or the 




Other Should b 


2 Recei 


ved 


If Not go to a Genera 




Stop. If DE or 


CE are 


Up, 


Check for a Un 


t Chec 




If UC Exists go 


to a 




General Stop . 








Store tlie 


Ope 


ation Code 


lOp Reg 


sterl 


n MPX 


Storage 


Ren- 


ember what 


was Done 


Last 


Since this 


is a Writ 


a Op 


Set the Read 


Back Ch£ 


ck In 


terlock On. 



Reado 


ut Compare and 


Modu 


e Protect Disable 


Byte . 


Check if Module 


Pro tec 


t is to be Done . 


If iti 


, Check Selected 


File Number Against □ | 


Fixed 


Number. If 


Numb 


ers Match Go On, 


If not 


Go to a General 


Stop. 





Set 


jp the Op Registe 


to 


Ind 


cote a Scan Oper 


ation 


(Bit 


5) and to do a Re 


od 


0001 0100 Read Load 




0011 01 00 Read Move 




Set 


Byte in Storage 


to 


Rerr 


ember What Type 


of 


Sea 


n . 




Low 


- 0000 0000 




Equ 


al - 0001 0000 




Hig 


h -0010 0000 





Th 


5 Opera 


ion 1 


as Che 


nged 


to 


o Read 


it 


xesets 


the 


Re 


ad Bock 


Chec 


k Ind 


CO tor 




Readout Selected File 
Numbei and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare 
Address Out to Address In 








1 


QH361 


Store 


Con 


mand 


in MPX 


Stoia 


qe a 


id Issu 


e the 


Com 


nond 


Wo 


t for 


Statu 


s In 


nd Test for 


Zero 


Stat 


'' 





After Each Character is . 


Sent, a Test for Status In | 


is Done. If Status In 


Comes Up, the Unit Check 


Bit Should be On. The 


Unit Check Bit is Set if 


the Tiock is Flagged (De- 


fective Track) or on Eaual ' 


Add.ess on an ID Scotch is' 


not Found Before the Disc ' 


Posses the File Index ' 


Point Twice. This Causes 


Eai ly Status and Sense 


Command is Done . 

1 


(j 


3 i 




QH371 1 




After Last Charactei is 
Sent, Woit for Status In. 
Check Status for Revlce 
End or Channel End, 
Should Receive One or 
the Other . If Not go to 
Geneiol Stop. With 
Device End or Chonnel 
End Up Check for Unit 
Check, If on a Sense 
Command must be Done 
to Find Out the Cause of 
the Unit Check 




Set Op Register Bit 7 to 1 
(Sector Count 00) 

J^ C3H34- 



Reo 


dout 


Se 


ected File 


Nu 


mber 


an 


d Send the 


Adc 


ress 


to 


he Control 


Un 


t. Wai 


for Address 


In, 


The 


1 C 


ompore Add- 


ress 


Ou 


to 


Address In 










No 


QH391 


V/os 


or 


Equo 


1 Add 


ess 


Fou 


id 


on th 


s Sear 


ch. 


If n 


Dt 


epeo 


the 5 


earcli 


Con 


mo 


nd. 








Sto 


e Com 


mand 


In MPX 


Sto 


oge a 


d Issu 


e the 


Con 


mond 


Wo 


1 for 


Sto 


us In. 







Bring in Sense Bytes 0, 1, 
2, and 3 One Byte at a 
Time and Store in MPX 


Storage. Test Selected 
Bits of Sense Byte 0, 1, 
and 2 for Error Condition 


and Set the 


File Branch 


Byte to Indicate the Error 
Condition. If Bit 6 of the 
Sense Byte (Flagged 
Track) is On Set an 






1 


OH 371 


Read 


In the CCHH Values 


from 


Record RO a 


d Store 


in CPU Storage. 


ssue 


Comrr 


and Out to 


Bring 


Statu 


In. 





1 QH381 


Che 


ck Status 


or Either 


Dev 


ice End or 


Channel 


End 


. If Either 


One is On, 


Che 


ck for Uni 


t Check. If 


not 


Go to Ge 


erol Stop. 


If a 


1 Unit Che 


ck is Found 


doc 


Sense Co 


mmond. If 


not 


Set up to do a Full | 


See 


< to on Al 


ernote Track 


Usir 


g CCHH f 


om Record 


0. 







Set Op Register Bit to a 
1 and Bit 7 too 






1 


QH341 


Readout Selected File Unit 
Numbei and Send the Ad- 
dress to the Control Unit. 
Wait for Address In, then 
Compare Address Out to 
Address In. 




Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status 





3 





|No QH361 


If UnitCh 


eck or Unit Ex- 


ception Is 


Up, Do a Sense 


Command 


If UC and UE 


Are Down 


but Device End 


Is Up, the 


Read RO Will 


Not Be Do 


ne. Other- 


wise Repec 


t Command 



Status should be 00 




Setup to Develop a Full 
Seek Command to on 
Alternate Track. 



1 I QH341 



Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then Com- 
pare Address Out with 
Address In. 




H351 ^ 



General Stop 



Setup a Full Seek 
Command 07. 



J 



Sto 
Sto 
Co 


re Con 
rage a 
mmond 


Tiand in MPX 
d Issue the 
Wait for Status 


In 


and Test for Zero Status, 




Send Bin Bin of 0000 to 
the Control Unit. 





1 


QH371 


Se 


nd CCHH Valu 


es Read 


fro 


m Record RO ir 


to CPU 


Stc 


rage to the Control 


Un 


■f- 





Wait for Status In. Check 
Status for Device End or 
Channel End, Go to Gen- 
eral Stop if One or the 
Other is Not on. Check 
for an Unit Check, if Bit 
is On go to a General 
Stop. Otherwise Repeat 
the Seek Command and 
Status will be Non-Zero 



Dev 



Seeking. 



Busy 



Chec 


k for Unit Che 


ck or 


Unit 


Exception. It 


On Do 


a Se 


se Command. 


If Not 


Test 


or Device End. DE | 


Will 


Not Be Up un 


il the 


Seek 


Is Completed 


Until 


the D 


evice End Comes Up j 


Repe 


at Seek Comm 


3nd 






Yes QH361 



Bit 4 of the 
Op Register is 0. 



Readout Selected File Uni 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then Com- 
pare Address Out with 
Address In. 




J 



QH351 



Setup a Search Command 
31 



Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status 




If Un 


it Check 


r Unit 


Exce 


^tion Bit i 


On Re- 


store 


the A, B, 


ond 


l-Sta 


rs and go 


l-Cycles. 


Othe 


wise Repe 


at Search 


Com 


nond. 






FU I Chart 145 
QH441 



Subtract 1 from the 
Sector Count 




Set Op Register Bit 4 and 7 
to 1 (Data Transfer and 
Sector Count is Zero) 



Readout Selected F 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then 
Compare Address Out with 
Address In 



QH341 




Setup Command fo 
Read (06) 



QH361 



Store Command in MPX 
Storage and Issue the 
Command . Wait for Status 
In and Test for Zero Status 
(Status should be Zero) 



o 






4:^ 
O 
O 



O 
Q 

o 

■D 

o 

o* 
o 



CO 

zr 

CD 

ro 




c 



Genera! Stop 



J 



Setup Counter for Data 


Field Length 




Move Op Hex 


Dec. 


Sector Mode 0064 


0100 


Track Mode 0BA4 


2980 


Load Op Hex 


Dec. 


Sector Mode 005A 


0090 


Track Mode 0A7A 


2682 





1 


QH451 


Setup a 


Hardware 


Register 


to 0101 


1011 (S)c 


ndAn- 


other H 


ardwore Re 


gister 


to 0001 


1011 (S w 


ith WM). 


Seta C 


>unter to the Add- 1 


ress of the Recorc 


s First 


Data Ch 


aracter in 


Storage 



Readout Character from 
Main Storage . Subtract 1 
from the Counter and 
Check if the Storage Char- 
acter is a GMWM. Also 
if the Counter is Zero 




Bring 


in Bus-lr 


Cha 


octer, 


But D 


o Not Readout 


of 


Main 


Storage 







Set Bus-In Charac 
Hardware Reglstei 





QH481 


Check Lost Character for 
Correct Mode, WM or 
No WM. Set Command 
Out to Bring in Status 




Compare the Main Storog 
Character to a S or $ witi 
WM. Check if the Prev- 
ious Compares hove been 
High, Low, or Equal. If 
High or Low Do Not Test 
This Compare. If Test S 
Compare Is Not Equal 
Compare-Storage Charac 
ter with Bus-In Character 
Readout Next Position of 
Main Storage and Set Bit 
Indicator for Compare 



Check Last Character fo 
Correct Mode, WM or 
No WM 




Set Disk Error (Bit 4) in 
File Branch Byt^ 



QH4B1 



Readout Byte from MPX 
Storage that Indicates 
Scan Requested and Check 
to See if this Scon was an 
Equal Scan, if not Reset 
the Equal Bit Indicator. 



QH491 



XXXX 
XXXX 
XXXX 

on in the 



Check to See if Scan Re- 
quested was High, Low, or 
Equal . Readout the Hi-Lo 
Eq Byte from CPU Storage 
md Set High Four Bits to 
Indicate Condition of this 
Scan: 

High 1100 
Low 0110 
Equal 0001 
Store the Condit 
Hi-Lo-Eq Byte, Set the Op 
Register Bit 7 to 1 if: 
Scan Requested Results 
High High or 

Equal 
Low Low or 

Equal 
Equal Equal 

Check if the Wrong Length 
Record Condition was Set, 
Counter was Zero before 
a GMWM was Found 









Yes QH501 


Se 
Se 

(B- 


Op Register Bit 7 to 1 . 
Wrong Length Record 
t 2) in File Branch Byte 



Wait for Status In or Ser 


- 


vice In. Service In can 


be 


Received from a Wrong 




Length Record in Move 




Mode 





General Stop 




J 




QH531 



Setup to Seek the Origino 
Cylinder 



Check for Any Error Bits 
Being On in the File 
Branch Byte. If Any ore on, 
Set the Any Disk Condition 
Bit and Reset the Read Bock 
Check Interlock Bit. 



Set the Original Seek 
Cylinder Value into the 
Search Cylinder Byte 



QH531 



No 1 




QH43I 


Readout Recor 


d Nu 


mber 


from MPX Sto 


oqe. 


Check 


if Record Nun- 


ber i 


14 


(20 Decimal) 








If Record Number is Less 
than 16 (Dec) and in Sector 
Mode, Set Bit and 3 of 
the File Branch Byte. 



QH43I 



Add 1 to Record Number 
Set Op Register Bit 4 to 0. 
Set the I/O Error Byte 
Bit 3, DCF Incremented, 
to 1 



Setup for a Head Switch . 
Set an Indicator Bit if 
using on Alternate Track. 
Set the Record Number to 
01 and the Op Register Bit 
4 to 0. Readout the Head 
Number and Set to 00. In- 
crease the Cylinder Value 
by I . Set the I/O Error 
Byte Bit 3, DCF Incre- 
mented to 1 



Restore A, B, and l-Stor: 



Test P, 


oqra 


Ti Mode 5w 


itch 


Byte fc 


r Al 


ow I/O Tr 


aps 


and Se 


t Co 


nditions Ac 


cor- 


dingly 










Readout Cylinder Value 

from Search Byte and Set 

in Cylinder Buffer Byte 



Set the Seek Cylinder 
Value Into the Search 
Cylinder Value 



Set Op Register Bit 7 to 1 . 
Set Wrong Length Record 
(Bit 2) in File Branch Byte 



QH341 



Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then Comp- 
are Address Out with 
Address In 



QH341 




Setup Command (07) for 
Full Seek 



c 



3 I Stop 



3 



Store Con- 


mand in 


MPX 


Storage a 


id Issue 


the 


Com 


mand 


Wait 


for Status 


In a 


d Test for Ze 


ro Status. 


Stat 


jssho 


uld be 2 


ero on 


First 


Pass 








^ 


QH361 


If Unit Check or Unit 


Exception ore On, do a 


Sense Command. Other- 


wise Check for Device 


End. DE wil not be UP 


Until the Seek is 


Completed 



After Values are Sent , 
Wait for Status In. Status 
Should Have Channel End 
Up or Device End . If Not 
Go to General Stop. With 
DE or CE Up Test for on 
Unit Check, if On Go to 
General Stop. If Not 
Repeat Seek Command, but 
This Time Status is Non- 
Zero as the Unit is Seeking 
to Original Track 








QH36 1,422 



Setup to do a Head Seek 



Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
Then Compare Address 
Out to Address In 




Store Com 


mand In 


MPX 


Storage on 


d Issue 


the 


Command, 


Wait f 


or Status 


In and Tes 


t for Ze 


ro Status 




Send to the Control Unit 
Bin Bin of 0000 



Send to the Control Unit 
CCHH from MPX Storage 



Unit 


Check 


or U 


nit Ex- 


cept 


■on Bits 


On 


do o 


Sens 


e Command 


Other- 


wise 


Repeat 


the 


Head Seek 



QH361 



QH381 



After Values are Sent, 
wait for Status In. Status 
Should have Channel End 
or Device End Up. If Not 
Go to Generol Stop. With 
DE of CE Up Test for a 
Unit Check, if On Go 
to General Stop 





n 



^ 



o 
o 



o 
o 

3 



Q 

3 
O. 



o 

Oi 

o 



From Op Decodi 
1-Cycles 



After I Chart 115 
I 
I I TA 



Chart 148 
TG 



(ROAR Reset to Address^ 
for Alter or Disploy J 



Chart 155 j Return of Stop Routine 

1 (intervention Required) 



Reset 1050 Error Bit in the 
I/O Error Byte 



Setup for Alter or 
Display 



QGlll 



Set the H6 Latch. Set Tag 
Out Lines to 00. Read Out 
the 1050 Status Byte from 
MPX Storage. If This Op- 
eration Is in Load Mode, 
Set Bit of Status Byte to 
1 and Reset the Manual Bit- 
(Bit 2). If in Move Mode , 
Reset both Bit and Bit 2 



Set the H6 Latch . Set 
Load and Monuol Bits to 
1 in the 1050 Status Byte 



I QGin 



Set the Op Register to the 
Tags In and Check for 
Read or Write Op 



QGlll 





Set Home RDR Start and 
Reset Command 



-*-*■ 



Send Command Out and 
Set Command Start. Send 
Suppress Out. 



Wait for Status In 


ond/or 


Service In, if Ser 


vice In 


Comes in and Errc 


r Has 


Occurred 





Send Command Out ond 
Command Start. Woit for 
Operationol In to Drop. 
After Operational In is 
Down Reset Command 
Start . 




JVes QG131 


Setup Error Code 


1 QE641 


To General Stop 


Chart 155 




->-♦ 




QG121 



Reset Command Start 



Reset the inquiry Request 
Bit (Bit 6) of the Hi-Lo- 
Eq Byte in CPU Storage 



->HH^ 




Set the MPX Operational 
Latch 



Set Op Register to the 
1050 Togs In and Set ar 
Indicator Bit if 1050 
Share Request is Up , 




Yes QG121 



Reset Suppress Out Latch 




Yes QG12I 



Reset the 1050 Attention 
Tog 



Send Out Tags-RDR2 to 
Run and Proceed 



I QG121 



Reset Command Start 



Set the Op Register to 
1050 Togs In. 




1 QG141 


Reset R 


n Mode 


ond Set 


Comma 


d Start 


Turn Off 


the H-6 Latch c 


nd MPX 


Ope rot 


onal Latch 



Setup Error Code 



To General Stop 



HB 
Chart 155 



No QGI41 



Check if Operation is 
Read, Write, Display, 
or Alter. 




QG181 



Check for Dota Check Bit 
Being On. If On Set 1050 
Error Bit in the I/O Error 
Byte On 



QG181 



Store o GMWM into 
Storage and In 
B-Address by 1 



Readout Character from 
Main Storage and Check 
if it is o GMWM 



Reset the 1050 Status 
Byte in MPX Storoge . Set 
Command Start . Reset the 
1050 Tags, MPX Opera- 
tional Latch, and the H-6 
Latch 



QG141 



Setup Stop Code 




Write QGI8I 



Increase B-Address by 1 



To General Stop 



_QE641 

HB 
Chart 155 
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Che 


ck to See 


f Character 


Has 


a WM. If 


it does. 


Che 


:k if in Lo 


ad Mode . 


If in 


Load Mode Check if 1 


Last Choracte 


Out was o 


WM 


Send thi 


Character 


Out 


and Reset Last | 


Cha 


acter was 


Wordmork 


Indi 


-ation 






Setup a Wordmork Chart 
(E6-Chart 2) and Set on 
Indication of Last Chora 
ter Out was a Wordmork 



Insure Bit 1 of the Chorac 
ter is 1 (No Wordmork) 
and Check Bit of the 
Chorocter to see if the 
Chorocter is in Quadrent 
1 or 3 of Chart 1 




[Load QG201 



Setup Character to C6 
(b-Blonk). See Chart 2. 



No QG211 



Check 4 Low Bits of the 
Chorocter (Chart 1). If 
Bits are All Zeros Change 
the Low Bits to 0111 (See 
Chart 2) . If the 4 Low 
Bits are Not All Zeros Set 
Bit 1 too So All Cha- 
racter ore in Quadrant 2 
of Chart 2 




Chonge 


Certain 


Character 


to Different Character for 


H-Ball. 






Chart 1 




Chart 2 


M-4C 


to 


)-C5 


%-6C 


to 


(-E5 


'a;-7C 


to 


T-D5 


#-7B 


to 


=-D6 



~^ 



Check to see if Bit 2 is 
On, if On Use Character 
OS is. If Bit 2 is Off, C 
Check if the Che 

(ID) or (5D). See 
Chart 1 . If it is a , 
Change the Bit Format to 
05 for the Tab Function. 
If it is o J, Chonge the 
Bit Fornnat to 15 for the 
Carriage Return Function. 
See Chart 2 
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Chart 1 . 2030 Bit Format 
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Chart 2. Bit Format fofmandto 1050 



Set Chorocter on 1050 
Bus Out 




Reset the MPX Operational 
Latch 




Increase B-Address by 1 



TE 
Chart 148 



-fC I Chart 147 
QG14I 



Check to See if the Can- ' 
eel or Data Check Bits 
ore On. If Data Check is 
On Set Bus-In Character 
into the Op Register. If 
Either Bit is on Set Bit 4 
(1050 Error) an in the I/O 
Error Byte . 



QG141 



Check Bits and 1 of Bus- 
In Character to determine 
what Quadrant the Cha- 
racter is In. See Chart 2, 



QG14I 




QGI51 



o 



00 



o 

O 



n 

o 
o_ 

(D 
Q 
Ql 

O 
Oi 
O 

■s 

DO 

-t 
Q 

ZJ 

o 

rr 

O 

5" 

c 



if Bus In Character is 
05 Setup 4D - C 
15 Setup 5D - 3 



Ihart 147 ^^-^ 

^ Q 



Check to see if the Low 4 
Bits of the Bus- In are 
Other than 0101, also if 
Bit 2 of the Character is a 
1 . If Either Condition 
Exists, Set the 1050 Error 
Bit (Bit 4) of the I/O Error 
Byte. 






I-Cycles 
Branch on Inquiry 

Q 



Readout Position of Main 
Storage Character is to 
Enter 




QE421, QF681,701 



Decode the d-Modifier 



Check to See if the Char- 
acter in Storage Has a 
Word Mark. If In Move 
Mode and Character Has 
a WM, add a WM to the 
Character to be Stored . 
If no WM Insure Bit 1 is 
Set to 1 (No WM). If in 
Load Mode and Character 
Has a WM,Check if Last 
Character In Was a WM 
Indication. If Last Char- 
acter In was a WM Set a 
WM into this character. 
If not Insure Bit 1 is a 1 . 




Readout the I/O Error 
Byte in MPX Storage or 
Test Bit 4 (1050 Error) 



Set 1050 Error Bit in I/O 
Error Byte In MPX 
Storage . 



QG161 



Set Bit 1 of Character to 
1 (Quadrant 3 Chart 1) 



Set Op Register to 1050 
Tags 




Reset Lost-Choracter-ln- 
Was-a-WM Indication and 
Store the Converted Char- 
acter into Main Storage. 
Increase B-Address by 1 . 



I QG161 



Restore the 1050 Status 
Byte in MPX Storage. Set 
Command Start. Send Out 
Carrier Return and Line 
Feed and Reset 1050. 
Reset the MPX Operation- 
al Latch and Set the In- 
volld A-Address Indica- 
tion. 




Set the Op Register to 
1050 Tag In and Check 
if the Attention Bit Is On . 



QG031 



Set 4 Low Bits of Cha 
acter to 0000. 
See Chart 1 . 




Check Mode Switch Byte 
to see if I/O Traps 
Are Allowed. Set up H5, 
H6 and Command Start 
as Required. 




To Stop 



Chart 155 



QF661 



Check to See if Advance 
Progrom Feature is Installed 
Set I and B-Star Accord- 
ingly 



Set 1050 Error Bit (Bit 4) 
of the I/O Error Byte in 
MPX Storage . 



Reset MPX 
Operational Latch 



TG 
Chart 147 



Check Bits 2 and 3 of 
Character In, Change 
Character to be Stored 



Chart_2 
b-C6 



Chart 1 
00 
=-D6 to '-7B 

If Bits 2 and 3 are 10 
(Chart 2, Quadrant 3) 
Set on Indication if 
Last Character was a 
Wordmark . 



Check Bits 2 


and 3 of 




Character In 


. Ch 


anqe 




Character to be stored 


to: 


Chart 2 


Chart 1 




Quadrant 3 


Quan 


dran 


t 2 


Bits 2 and 3 








00- ) to 


n - 


4C 




01 - T to 


(©- 


7C 




10- ( to 


%- 


6C 






To Interrupt Decode 



To l-Cycl£ 



BA 
Chart 155 



AA 
Chart 102 




00,01 




Character Is a Wordmark 
Do Not Increose B-Add- 



n 



4^ 



4^ 
4^ 
K> 



TO 

a> 

Q 
Q. 

o 

(D* 
O 
— I- 

<' 



l-Cycles 

RA I Chart 115 



Chart 155 



Set Command Start to Take 
Hold of the Channel 



QG311 



Set H-5 Latch. Set Bits 6 
and 7 of Byte 8B in MPX 
Storage to 01 . This is 
Used to Indicate a R/W Op 



QG311 



Reset Bits 5 and 6 of the 
I/O Error Byte in MPX 
Storage . Decode Device 
Wanted and Read Out De- 
vice Address. If Device 
Number isn't 1 or 2 Setup 
Invalid Command and Go 
to General Stop. Reset 
Select Out. 



1 QG311 


Wait for Opera t 


onal In 


to Fall. Send S 


srvice Out, 


Set d-Modifier 


nto the 


Op Register for Decode . | 


Set Bus Out and 


Send 


Address Out 







1 


QG301 


Wait for Operati 


onal In 


to C 


ome Up, Res 


et Address 


Out 


and Wait for Address 


In. 


Check Addre 


ss Out to 


Add 


ess In. 






Setup Error Code 



I QG32 



Reset Select Out, Send 
Service Out. Go to Gen- 
eral Stop 



QG26! 



Check the d-Modifier to 
Insure it is an R. If Not 
Go to General Stop 




Yes QG261 



Set Up Read Command (12) 
and Issue Command. Reset 
Lost Card Indication (Bit 
of Sense Switch Byte) . 



J 



Intial Status Can Contain 
Unit Check from Condi - 
tionNot Recognized in 
Ending Status of Last Com- 
mand . Also Device End 
Can Be Up if this Is the 
First Command After the 
Device is Made Ready 



Wait for Status In . Set the 
Status Byte into the Op 
Register 




Se 


nd Se 


rvice O 


Jt a 


nd Set 


the Op 


Register 


to 


he 


ri- 


Modi 


fier 







Readout the Position In 
Main Storage that the 
Character from the Reade 
will Enter. Check the 
Character to See if it is 
a GMWM or if it Con= 
tains a Wordmark . If it 
is a GMWM the Read In 
of Data is Finished. If 
the Character from Stor- 
age Does Not Contain a 
WMSet an Indicator Bit 





1 


QG271 


Wait 


for Status 1 


T or Ser- 


vice 


In. Service 


-In wil 


Come 


Up Until th 


e Last 


Colu 


mn Has been 


Read. 


Afte 


the Card H 


us been 


Read Status In w' 


II Come 


In w 


th Channel 


End and 


Devi 


ce End Both 


Up 




QG27I 




Check for Chann 


el Er 


d 


and Device End. 


Dev 


ice 


End is Up and an 


Indl 


- 


cator Bit for Cha 


nnel 




Ended Is On 







QG271 





QG30I 


Increase B-Address by 1 . 
Set an Indicator Bit for 
Channel-Ended-the-Read 
and Send Command Out. 
Channel End Will Come 
Up Before Device End 



, QG291 

Cha 

; a GMWM 



-^ 


QG29I 


Send Service Out and 
Check which Quadrant 
the Bus-In Character is 
In. Do a Table Lookup 
of Character to Deter- 
mine if It is a Valid 
1400 Character 



Check for Unit Exceptloi 
Bit being On.. If On, 
Set Bit (Switch A) of 
the Sense Switch Byte 
for Lost Card Condition. 



Check the 


/O Error 


Byte 1 


for a Reade 


Error, If On 1 


Check the I/O Stop 


Switch 


Bit. If Stop 


Switch i 


s On 


and an Erro 


is Indie 


□ ted 


Setup on Er 


or Code 




Otherwise R 


eturn to 




l-Cycles 







Check for a Unit Check, 
if On Setup for a Sense 
Command 





Check If Character from 
Table has Bit 1 On . If 
Bit 1 Is On, a Further 
Test Is Made to Determine 
If the Bus In Character 
is a MLP Character 




QG271 



Test If the Bus In Char- 
acter is a MLP Character 



Clieck for 


:hannel End 


and Device 


End being 


Up . Both >, 


vill be Up for 


a SOColum 


n Read . For 


a Read Less 


than 80 Col- 


umns Only 


Channel End 


will be Up 





Setup Error Code 



Reset Select Out and Send 
Service Out. Go to a 
General Stop 



QG271 





Set an Indicotor Bit that 
Channel End Status Is Done 



Change Bus In Cha 
to a Character with th 
9,8 Bits Removed. 
Example: 



Bus In 

00111001 

00111010 

0011 ion 



Store 
11110001 
11110010 
11110011 



If Storage Character Had 
a Wordmark, Store the 
Bus In or Converted MLP 
Character with a WM In 
Main Storage 



If Bus-In Character was 
an Invalid 1400 Character 
Leave the Character that 
was in Main Storoge There 



Send Ser 


vice Out. Set 




Op Regi 


te 


to the 




d-Modif 


er 


. Wait for 




Status In 


w 


th Device E 


nd 



1 QG271,281 


Readout the 81st Position 


of the Read In Area and 


Check for a GMWM. If 


It Isn't a GMWM go too 


Error Stop. 



QG281 



QG271 



Status In Comes Up; 


Set 


Status in the 


Op Reg 


ster. 


Do Not Che 


ck for Ur 


it 


Exception o 


the Last 




Card Indico 


Ion will 


be 


Reset. Che 


k for an 




Unit Check 









Setup Erro 


Code 


1 QG321 


Reset Select Out and Send 
Service Out. Go to a 
General Stop 




QG271 



Setup Bits 6 and 7 of 
Byte 8B in MPX Storage 
to 10 for a Sense Command. 
Reset Select Out. Set an 
Indicator Bit to Remember 
This Is a Read Sense 
Command 



QG311 



Decode Device Number 
and Read Device Address. 
Wait for Operational to 
Fall. Send Service Out, 
Set Bus Out and Send 
Address Out 



QG301 



Wait for Operational In 
to Raise. Reset Address 
Out and Set Command 
Start . Wait for Address 
In to Come Up, then 
Match Address Out to 
AddLess In. 




Yes QG261 



Setup Sense Command (04) 



QG321 



Set Bus Out, Send Com- 
mand Out . Wait for Status 
In . Set Status into the Op 
Register and Test for Busy 




If Channel Ended the Read 
Device is Busy Until Device' 
End Time 



Increase the B-Address 
By 1 



Y" QG27I 



QE641 
HB 



Check PMS Byte to Deter- 
mine if I/O Traps are 
Allowed. Setup Latch 
Accordingly. 



QF661 



Res 


3t Sele 


:t Out. 


Setup 


to Reselec 


the De 


vice . 


Thi 


Clear 


Status 






To Interrupt Decode 



AA 
Chart 102 



Setup Error Code 



QG321 



Reset Select Out and Send 
Service Out. Go to a 
General Stop. 



HB 
Chart 155 



QG321 



Wait for Service In . Set 
Sense Byte into the Op 
Register. Send Service 
Out, Wait for Status In . 
Send Service Out 



Check Sense Byte for 
Error Conditions 




Test Bit Oof 1400 Control 
Byte (I/O Stop Switch). If 
On Go to General Stop . 
If Off Go to l-Cycles 



If Either Data Check or 
Overrun Condition Exists 
Set Reader Errror (Bit 5) 
in I/O Error Byte. 




Setup Conditions for 
Intervention Required 
Stop. 



QG321 



Reset Select Out and Send 
Service Out 



Reset Select Out and Send 
Service Out, Go to a 
General Stop. 



M%GnXXXC 
M%GnXXXG 
M7oGnXXXP 



Chart 115 
l-Cycle 

RA 



Set Command Start to 
Take Hold of the Channel 



QG31 



Set H5 Latch. Set Bits 
6 and 7 of Byte 8B in 
MPX Storage to 01. Thi; 
is Used to Indicate a 



RAV Op- 



Reset Bits 5 and 6 of the 
I/O Error Byte in MPX 
Storage . Decode Devic 
Wanted and Read Out 
Device Address. If 
Device Number Isn't a 
or 2, Setup Invalid Com 
mand and Go to Genera 
Stop. Reset Select Out 



1 QG3n 


Wait fo 


Operational In 


to Fall. 


Send Service 


Out, Set d-modifier into | 


the Op 


Register for 


Decode 


. Set Bus Out 


and Sen 


d Address Out . 



Wait for Operational In 
to Come Up. Reset 
Address Out, Set Com- 
mand Start and A/ait for 
Address In. Checl< Ad- 
dress Out to Address In 




Setup Error Code 


1 QG321 


Reset Select Out, Send 
Service Out. Goto 
General Stop . 



Check d-Modifier f( 
Correct Character 
C - Punch Skip 
G - Punch and Feed 
P - Punch No Feed 



Chart 155 



n 



Oi 

o 



to 



c 

3 
O 



o 

cr 

(D* 

o 




Command of 01 Will 
Cause the Card to Move i 
column at a Time Until a 
GMWM is Found in Main 
Storage. Channel End 
and Device End Come Up 
Together . 



Readout the L 


Dw Bios 




Byte and Subt 


act the 




B-Address fror 


n the B- 


as 


Number . Set 


the An 


wer 


into a Hardwa 


re Regi 


ter. 


Setup the Pun 


ch Com 


mand 


of 01 . Set Bu 


sOuta 


nd 


Send Common 


d Out. 





Init 


al Status Cc 


n Contain i 


a Unit Check from Con- 1 


dif 


on Not Reco 


gnized j 


in E 


nding Status 


of Last , 


Con 


nrtiond . 


1 




Set the Op Register to 
07. Send Service Out, 
Wait for Service In. 



::*- 



d-Modifier Command 



Set I 
Com 



IS Out and Send 
and Out. 



Wait for Status In. Set 
the Status Byte into the 
Op Register . 




Initial Status Can Con- 
tain a Unit Check from 
Condition Not Recog- 
nized in Ending Status 
of Last Command. 



QG271 



Set the Op Register to 
the d-Modifier . Send 
Service Out and Wait 
for Service In to Come 
up. 



QG291 



Determine this is an 
Output Op. Readout the 
Character from Main 
Storage that is to be Sent 
to the Punch. 



OG301 



Check to See if the 
Storage Character is a 
GMWM. If it is a 
GMWM, the Data Trans- 
fer Cycle will be Ended. 
Add 1 to the B-Address 



Commands 01 and 81 v^ill 
Cause the Card to Move 
1 Column at a Time Until 
a GMWM is Found in Mai 
Storage . If a GMWM is 
Not Found Before Column 
81, the End of the Card 
v^ill be Punched Until a 
GMWM is Found . Com- 
mand 81 causes the Card 
to be Stacked After a 
GMWM is Found . Channe 
End and Device End Come 
up Together for 01, but 
.channel comes In Before 
Device End Comes in for 






r 


-Jo 


QG301 


Insure 


WM Bit 


(Bit 


l)of 


the Ch 


aracter 


is a 


1 (No 


WM). 


Set Bus 


Ou 


t and 


Service Out 







Wait for Service In 



Determine this is an Output 
Op and is a Punch Skip. 



Add 


1 to the Cou 


nter 


and 


Che 


k if a Carry 


Oc 


:urs. 


If a 


Carry Occur 


, E 


nd the 


Skip 


. A Carry w 


II c 


ccur 


Whe 


T the Counte 


Re 


aches 


00. 










Send Command Out to End 
Routine 



QG271 



Wait for Status In. Unit 
Exception Should Not be 
on for a Punch Status so 
Reset Bit (Switch A) of 
the Sense Switch Byte . 
Check for o Unit Check, 
If One Exists, Do a Sense 
Command. No Unit 
Check, Test for Channel 
End and Device End. If 
this was a Punch Skip or 
Punch Stop Channel and 
Device End will be 
Together. If this was a 
Punch and Go Device Enc 
will not Come In Until 
the Card is Stacked. 







No 


QG301 


Setup o 
(40). S 
Send Se 


Bla 
et B 


nk Ch 
us Ou 
e Ou 


aracter 
tand 


1 QG271 


Wait 


for 


Service In 



Readout the I/O Error 
Byte and Check for a 
Reader Error . This Bit 
was Reset at the Begin- 
ning of the Punch Opera- 
tion so Should not be On 
Go to l-Cycles. 



Setup Bits 6 and 7 of 
Byte SB in MPX Storage 
to 10 for a Sense Com- 
mand . Reset Select Out, 
Set an indicator to Remen- 
ber. This is a Punch 
Sense Command . 



Decode Device Number 
and Read Device Address . 
Wait for Operational In 
to Fall . Send Service 
Out, Set Bus Out and 
Send Address Out . 



Wait for Operational In 
to Raise . Reset Address 
Out and Set Command 
Start . Wait for Address 
In to Come Up, then 
Match Address Out to 
Address In. 




1 QG321 


Set Bus 


Out, Send Com- 


mand O 


ut. Walt for 


Status 1 


n . Set Status 


into the 


Op Register 


and Test for Busy . 1 



Reset 


Se 


lect Out 


andSe 


id 


Service 


Out. Gc 


to a 




Gene 


ra 


Stop. 







Chart 155 




; On Pur 


cf 


an 


d Feed, 


1 Device 


Is 


Bu 


sy Until 


; Device 


E 


id 


sUp. 



1 QG321 


Walt for Serv 


ice In 


Set Sense Byt 


e into the 


Op Register, 


Send Service 


Out, Wait fo 


r Status In. 


Send Service 


Out. 



Check Sense Byte for 
Error Condition 




Send Service Out. Wait 
for Status In with Device 
End 



Status In Comes Up, Se 
Status into the Op 
Register. Check for a 
Unit Check 



QG301 





Test Bit of 1400 Control 
Byte (I/O Stop Switch). 
If on Go to General Stop. 
If Off, Go to l-Cycles. 



Reset Select Out and 
Send Service Out 



Che 


:k PMS Byte 


to De- 


term 


•ne if 


l/'OT 


ops ore 


Alio 


wed . 


Setup 


the 


Late 


hesA 


^cordir 


giy- 




Setup Conditions foi 
Intervention Requires 
Stop 



QG321 





Reset Select Out and 
Send Service Out. 




1 



Reset Select Out and 
Send Service Out. Go 
too Generol Stop 



To Interrupt De 




To l-Cycle 



BA 
Chart 155 



AA 
Chart 102 



Instruction Kd, KBBBd 




Intervention 
equired Returi 



Setup Stop Code 



Reset Select Out and 
Send Service Out. Go 
to General Stop 



Set the Numeric F 
of the d-Modifier 
the Op Register . 



QE641 



Setup Bits 6 and 7 of Byte 
BB in MPX Storage to 1 1 . 
Determine if Rdl or Rd2 is 
to be Selected. Readout 

Correct Device Address . 

Set Service Out and Com- 
mand Start, Wait for Op- 
erational In to Fall. Set 
Bus Out and Send Address 
Out. Set the d-Modifier 
into the Op Register 



QG301 



Wait for Operational In to 
Come Up . Reset Address 
Out and Set Command Start 
Wait for Address In, Then 
Compare Address in to 
Address Out . 




Setup Stacker Select 


Command (43). Set Bus 


Out and Send Command 


Out. 




QG271 


Wait for Status In . Status 


In for a Stacker Select is 


Clear Unless an Intervention 


Required Unit Check Exists. 


When Status is Clear, it 


will Require One Service 


Out-Service In Cycle to 


Bring in Ending Status . 


This is ONLY for a 1442 


Stacker Select Command. 




. QG27I 



|nu 


me 


ic Portic 


n Must be 


a 


|0- 


Re 


ader 2 






(2- 


Re 


ader 1 








QG271 



Chonnei End and Device 
End will not be up at This 
Time. Busy V/iii Also be 



QG27I 



Send Service Out, Wait 
for Service In, 



Set Bits 6 and 7 in Byte i 
from MPX Storage to 10. 
Set Low Portion of the 
d-Modlfier in the Op 
Register . Reset Select 
Out. 



Reset Rd 1 


3r Rd 2, Read 


Out Device 


Address. Wait 


for Operational In to Fall, j 


Send Servic 


e Out. Set 


d-Modlfier 


nto the Op 


Register . S 


et Bus Out and 


Send Addre 


sOut. 



Wait for Operational In 
to Come Up . Reset Ad- 
dress Out and Set Command 
Start. Wait for Address 
In, Then Compare Address 
In to Address Out . 




Set Bus Out and Send 
Command Out . Wait for 
Status In and Set Status 
In Op Register . Send 
Service Out. 



Wait for Service In, Set 
Sense Byte in the Op 
Register . Send Service 
Out and Wait for Status 
In. Send Service Out. 



Test Sense Byte, Only 


Inte 


rvention Required 


Sho 


uld be Up Which 


Set 


jp a Stop Code and 


Go 


to General Stop 




Recognize This is a Stacks 
Select Operation 



Set on Indicator Bit that 
Channel Ended the Op. 
Send Command Out. 



Wait for Status In . 
Will have Channel 


Status 
End, 


Device End, and Busy. 
Check for o Reader Error 
and if the I/O Stop Switch 
is on . If the I/O Stop 
Switch is off, a Reader 


Error is F 


3r gotten . 


1 






[Go QG301 


Set an Indicator 


Bit to 


Take 


the Branch 


f Instruc- 


tion 


was KBBBd. 


Reset 


Select Out and S 


end 


Serv 


ce Out. 





Test PMS Byte to See if 
I/O Trops are Allowed. 
Set Latches Accordingly. 



Take the Branch 



QG321 



Reset Select Out and 
Send Service Out, Setup 
Error Code and Go to a 
General Stop, 



No 


^--^Advance^--....^ N^ 
^^^^^_^ Instal \eA^^ 


1 


QF662 


r« QF66 




Set the B-Star to 0000. 
Set the A-Stor into the 
l-Star. 


Set the l-Stor into the 
B-Star, Then Set the 
A-Star into the l-Star , 








-1- 








To Interrupt Decode 



To l-Cycle 



CLF 151 1442 - Stacker Select Obiective 



Instruction 
BXXX9 - Ch 
BXXX.-n - Chonnel 12 
BXXX+ - Punch Error 
BXXX'. - Printer Error 
BXXXP - Printer Busy 




Instruction- 
BXXXA Last Card 
BXXX? Reade 



Test Bit of Sense 
Switch Byte, If on Take 
the Branch 



Readout the I/O Error 
Byte from MPX Storage 
ond Check Bit 5 (Reader 
Error) , If on Take the 
Branch 



n 



Oi 



I 

mmmt 

CO 

CP 

-1 
Q 

3 
O 

3- 

O 

n 

o 

Q_ 




^/^ Branch ^^^ 
<v^ Channel 9 or 12^ 

9 

QG331 


12 










QG331 


Readout Byte 8B from MPX 
Storage . Check Bit to 
See if Channel 9 Has Been 
Sensed . Set Op Register to 
Indicate Condition. Reset 
Bit of Byte 8B. 




Readout Byte 8B from MPX 
Storage. Check Bit 2 to 
See if Channel 12 Has 
Been Sensed. Set Op Reg- 
ister to Indicate Condition. 
Reset Bit 2 of Byte 8B. 


1 













Set an Indicator Bit if 
the Branch is to be Token 



Check PMS Byte to See 
If I/O Traps Are Allowed, 
Set Latches Accordingly. 



Set B-Star to 0000 




Send Service Out and 
Set Command Start 



Check to See if the 
Busy Bit (Bit 3) of the 
Status Byte is On. If 
it is Set on Indicator 
So the Branch Will Be 
Taken 



Set the Contents of l-Star 
into the B-Star 



Set Bits 4, 5, 6 and 7 of 
Byte 8B in MPX Storage 
to 0000. 



Bit 6 and 7 ot 00 Indicate 
2 Test I/O Command 



QGSn 



Readout Printer Address. 
Wait Until Operational 
In is Down, Send Service 
Out. Set the d-Modifier 
into the Op Register. 
Set Bus Out and Send 
Address Out . 



QG301 



Wait for Operational In 
to Come Up. Reset Addr. 
Out and Set Command 
Start. Wait for Address 
In, Then Compare Address 
Out to Address In 




Set up a Test I/O 
Command (00). 



QG321 



Set Bus Out and Send 
Command Out. Wait for 
Status In. Check if 
Unit Check or Unit 
Exception Bits are On in 
Status, Reset Select Out. 



Reset Select Out o 
Send Service Out. 
to General Stop 



QE641 



Chart 155 




Set the Contents of A-Stai 
into the l-Star 



To Interrupt Decode 




Set Channel i2 Indicator 
(Bit 2) of Byte 8B in MPX 
Storage 




Set Bit 6 and 7 of Byte 
in MPX Storage to 10 
(Sense Command) . 



I QG351 



Reset Select Out. 



I QG3 11 

Readout Printer Address, 
Wait for Operational In 
to Fail, Send Service Out. 
Set the d-Modifier into 
the Op Register . Set Bus 
Out and Send Address Out 



QG301 



Wait for Operational In to 
come up. Reset Address 
Out and Set Command 
Start. Wait for Address In, 
Compare Address Out to 
Address In. 




Test I/O 



To 1-Cycle 



BA 
Chart 155 



AA 
Chart 102 



Sense QG26I 



Setup the Sense Command 
(04). 



QG321 



Set Bus Out and Send 
Command Out. Wait for 
Status In and Set Status 
into the Op Register. Send 
Service Out. 



QG321 



Wait for Service In, Set 
Sense Byte tn the Op 
Register. Send Service 
Out and Wait for Status 
In. Send Service Out. 




Set Indicator Bit so the 
Branch Will Not Be Taken 



n 



Oi 
CO 



4^ 
CO 



o 

o 



VVai- 


fo, S,c:us Ir. 


1 OG351 


Sei frail 
Register 


5 into Ihe Op 




Set Bit Oof Byte 1 
MPX Storage 



Setup Error Code 



Reset Select Out and Send 
Service Out. Go to 
General Stop 



Set Bit 6 and 7 of Byte 8B 
Tn MPX Storage to 01. Re- 
set Select Out. 



Che 


ck Bit 3 of Byte 


8B to 


see 


if a NPL Boris 


in the 


Printer, if it is Set 


on 


Ind 


cotor Bit 





Rea 


dout Printer Addre 


ss. 


Wa 


t for Operational 


In 


toF 


all. Send Service 


Out. 


Set the d-Modifier in 


to the 


Op 


Register, Set Bus Out j 


and 


Send Address Ou 


. 



QG30I 



Woit for Operational In to 

Up. Reset Address 
Out and Set Command 
Start. Wait for Address In, 
then Compare Address Out 
to Address In. 



QG301 



Chec 


k lo S 


■e if th 


e Skip 


is to 


Chann 


el 1, 9 


or 12. 


Reset 


or Se 


BitsO 


and 2 


of By 


te 8B 


n MPX 


Storage 


Acco 


■ding 


to the Skip . j 


Skip 


Re 


set 


Set 


1 


Oo 


nd2 


— 


9 




- 





12 




- 


2 



QG26?^~-~v^ ^'^ 


Setup Error Code 




1 UG32I 




Reset Select Out and 
Send Service Out. Go 
to General Stop . 





Device is Busy if Sense 
Command Was Entered 
from Channel End Status 
Until Device End Time 



Decode the d 


-Modifier 


for a W or S . 


If Not a 


W or S, Setup 


an Error 


Code and Go 


to a General 


Stop. Check 


Byte 8B of 


MPX Storage 


to See if a 


Forms After C 


ommand Has 


Been Stored . 


Setup the 


Command. 




d-Modifier 


Command 


S 


01 


w 


09 


If Form After 


Bit was Set, 


the Commonc 


will be 


XXXXXOOl I 


epending 


On the Form 


Movement 


Required . St 


t Bus Out 


and Send Command Out . | 


Check to see 


if tiie Form 


Portion of the Command | 


is a Skip (Bit 


of the 


Command wi 


1 be a 1 ) . 




Check to See if the Skip 
Is to Channel 1, 9, or 12. 
Reset or Set Bits and 2 
of Byte 8B in MPX Storage 
According to the Skip 

Skip Reset Set 



Wait for Status In 



Reset Byte SB of MPX 
Storage Leaving Bits 0, 
2, and 3 OS is. Send 
Service Out, Wait for 
Service In . 



Readout Character From 
Main Storage and Check 
if it is a GMWM 




Modify Character Bit 
Format for Table Lookup 








1 QG371 


Test to See if the Charact- 
er is in Quadrant 1 or 3. 
Do a Table Lookup on the 
Characters in Quadrant 1, 
Also in Row of Quadrant 
3. Set Bus Out and Send 
Service Out 



Wait for Status Ir 


or Ser- 


vice 


In. Status V 


vill Come 


In w 


hen the Print 


Buffer is 


Full 


. Status will 


Contain 


Cha 


nnel End and 


Possibly 


Uni 


Check 






Readout PMS Byte From 
MPX Storage and Check 
if I/O Traps are Allowed 
Set Latches Accordingly 



QF661 




To Decode Interrupt 



To l-Cycle 



n 



Oi 



CO 

-n 

o 

-1 

3 

o 
o 

cd' 
o 

-♦• 

<* 



Instruction - Fd 




Setup Stop Code 



QG321 



Reset Select Out and Send 
Service Out. Go to a 
General Stop 



QE641 



QG381 



Set the d-Modifier into the 
Op Register, Change the 
d-Modifier to a BCD Char- 
acter and Test Zone Bits. 
Zone Bits Form Op 

Skip Immed. 

Space After 

Space Immed. 

Skip After 



No Zone 
A Zone 
B Zone 
BA Zone 



If d-Modifier is a Blank 
(00) Return to l-Cycles 




No QG381 



Setup the Correct Forms 

Command Depending on 

the Operation and Form 

Movement. 

Operation 

Immediate 

After 



Command 
XXXXXOll 
XXXXXOOl 



Store the Command in the 
Temporary Forms Byte in 
MPX Storage. Set the H5 
Lotch to 1. Set Bits 6 and 
7 of Byte 8B in MPX Stor- 
age to 1 1 . Reset Bit I 



Set Bit 1 of Byte SB in - 
Storage to a 1 (Indicate 
Forms After Command). 




Reset Select Out and 
Send Service Out. 




Readout Printer Address 
Wait for Operational In to 
Come Down, Send Service 
Out. Set Bus Out and 
Send Address Out. Set the 
d-Modifier into the Op 
Register. 



QG30I 



Wait for Operational In to 
Come Up. Reset Address 
Out and Set Command 
Start. Wait for Address In, 
Then Compare Address Out 
to Address In. 



Reset Select 


Out 


and Se 


nd 


Serv 


ice Out. 


Go 


to a 




Gen 


eral Stop 









HB 
Chart 155 




Readout the Temporary 
Form Byte. Set Bus Out 
and Send Command Out. 
Check if This is a Skip 
Command (Bit of the 
Command is a 1 for a 
Skip) 





Check to See if the Skip 
is to Channel 1 , 9, or 12. 
Reset or Set Bits and 2 
of Byte 8B in MPX Storage 
According to the Skip. 
Skip Reset Set 

1 and 2 - 

9-0 
12 - 2 



Set Bus Out and Send 
Command Out. Wait for 
Status In and Set Status 
into the Op Register. 
Send Service Out and 
Test for Busy Condition. 




Waif for Status In. This 
Status Will Be from the 
Last Printer Command. 
Check Bits 6 and 7 to 
See If Either One is On. 
Set Status in the Op 
ister. 





Yes QG351 



Set Channel 12 Indi. 
Bit 2 of Byte 8B in MPX 
Storage 



Check if Device is Busy. 
Device Is Busy Until 
Device End Comes Up at 
End of Carriage Motion. 








^ QG351 



Set Bit 6 and 7 of Byte 8B 
in MPX Storoge to 10 
(Sense Command). 



Reset Byte 


8B of MPX 




Storage Le 


aving Bits 


2, 


and 3 as is 


, Send Seiv 


ce 


Out, Wait for Status 1 





Reset Select Out 




No QG301 



QG311 



Reset Select Out, Send 
Service Out. 



Readout Printer Address 
Woit for Operotionol In to 
Foil, Send Service Out. 
Set the d-Modifier into the 
Op Register. Set Bus Out 
and Send Address Out. 



Check PMS Byte to See if 
I/O Traps ore Allowed. 
Set the Lotches Accord 



QG301 



Wait for Operational In to 
Come Up. Reset Address 
Out and Set Command 
Start. Wait for Address In, 
then Compare Address Out 
to Address In. 





To Interrupt Decode 



BA 

Chart 155 



Wait for Ser\ 


/ice In, Set 


Sense Byte i 


1 the Op 


Register. Ser 


d Service 


Out and Wo 


t for Status 


In. Send Ser> 


/ice Out. 



Setup Stop Code 




Set BitO of Byte 8B in 
MPX Storoge. 



Set Bit 6 and 7 of Byte i 
in MPX Storage to 11. 
Reset Select Out. 



Check 


Bit 


3 of Byte 


SB 


to See 


if a 


NPL Bar 


is in 


the Pr- 


nter 


If it is, 


Set an 


Indico 


or B 


it. 





QG311 



Readout Printer Address. 
Woit for Operational In 
to Come Down, Send 
Service Out. Set Bus Out 
and Send Address Out. 
Set the d-Modifier into 
the Op Register. 



QG301 



Reset Select Out and 
Send Service Out. Go to 
General Stop. 



Wait for Operational In 
to Come Up. Reset Ad- 
dress Out and Set Com- 
mand Start. Wait for 
Address In, then Compare 
Address Out to Address In. 



1 QEOOl 




AA 
Chart 102 



Reset Select Out ond Send 
Service Out. Go to 
General Stop. 



Readout the Temporary 
Form Byte. Set Bus Out 
and Send Command Out. 
Check if this is o Skip 
Command (Bit of the 
Command is a 1 for a 
Skip). 




Check to See If the Skip 
is to Chonnel 1, 9, or 12. 
Reset and Set Bits ond 2 
of Byte 8B in MPX Storage 
According to the Skip. 
Skip Reset Set 

1 and 2 

9-0 
12 - 2 



QG351 



Wait for Status In. This 
Status Should Contoin 
Channel End, Device End, 
and Busy. Unit Check 
Could be on for on Inter- 
vention Required. 




Reset Select Out, Send 
Service Out. 




V 














1 QG031 






Check PMS Byte to See if 
I/O Traps Are Allowed . 
Set the Latches According- 






<^ lnterru| 


'^~v<3F661 


No 




t Exr.t^^ 


1 


QEOOl 


JYes QEOOl 




To l-Cycles 


To Interrupt Decode 




Chart 102 




Chart 155 







o 



Oi 



o 
o 



o 

"O 



c 






Q 
Q- 



GENERAL STOP 

I HB I 



TAPE ERROR STOP, 
OR A/B INVALID 



QE651 



Set-up Stop Code 



l-Cycles 



QE641 



Store Stop Code in 
Error Code Byte. Reset 
-Select Out. 

I QE641 



Store Stop Code in 
Error Code Byte 



Store the Status Register 
and Readout the 1 400 
Control Byte. Test for 
Program Mode Switch 



QE641 



Setup and Store the 
Interrupt Code 



If a Progronn Mode Switch . 
is Attempted on a Machine, 
without the Feature, the | 
Micro-Program Goes to [ 
a lOFF Haltwith 08 I 

Displayed . 



QE661 



Store the I, A, and B- 
Starsin CPU Storage. 
Store the Op Register 
and 1 400 A-Register in 
CPUStoroge. Set 
B-Star from the l-Star 



QE661 



To Program Mode 
Switch Routine 




Chart 156 



Readout Low Bias 



QF8n,821 



Readout High Bias 
Subtract Bias from 
B-Star (l-Star Conversion) 
and Convert 1400 
Address to a Decimal 
Number, 



QE671 



Store l-Star Decimal 
Number. Check if 
A-Star was Valid 



Change the Invalid 
Address to Three BCD 
Character (16 Bits) for 
Display Purpose 




QE67I 



Set A-Star Value 
from CPU Storage into 
the B-Star 



QE67) 



Readout Low Bio 



lQF8n,821 



Readout High Bias 
Subtract Bias from 
B-Star (A-Star Conversion) 
and Convert 1400 Address 
to a Decimal Number 



Store Converted A-Star if 
MPX Storage . Check if 
B-Star was Valid 



INTERRUPT DECODE 



IPL ROAR RESET 
CARD OR TAPE 



From l-Cycles QE471 
for Row 3 Invalid Op 
Codes and Chart 156 



Store Stop Code (04) in 
Error Code Byte 




Restart - Go to 
Restart Routine 



Nonmal Stops ore Stop 
Key, Instruction Stop, or I 
Roar Stop Deloy 



Setup for Display. Block 
all Traps and Set 
Command Start in 
Multiplexor Chonnel . 
I-Address is Displayed 
in the 360 A and B 
Registers, Stop Code in 
R-Register, and ALU 
Output is 00 



Set the Character 8F 
into Main Storage One 
Position Less than 1 400 
Address 0000. (Used to 
Detect Storage Wraps). 




n 






o 



3 
(Q 



o 

■D 




Op Code 99 Object! 



I-Cycle 



Charts 108, 115, 152 



Start Setup of Local 
Storage Address 



Read Out Byte BC (LS) 
and Check Bit 



Store Interrupt Code and 
Set an Indicator Bit if 
Bits 0-3 Equal an 'E' 
(1110) and This was an 
I/O Op with a Branch 



Invalid Op 



QE721 



Setup the Error Code to 
00 or FF . The Error 
Code of FF causes a 
Branch to be Taken on 
Return to Compatibility 
Mode 



QE661 



Store the I, A, and B - 
Stars in CPU Storage. 
Store the Op Register 
and the 1400 A-Register 
in CPU Storage . Set the 
B-Star from the l-Star 



Load or Store Constants 
(CFLCCFSC) 



Chart 102, 155 




I 00 - General Supervisor 

I 01 - Machine Check 
I Supervisor 

I 10 - I/O Interrupt 

QE731 I 1 1 - External Interrupt 



Setup for Transfer of 
Sixteen Bytes 




Operation 
CFIM 
CFMS 
CFSV 
CFLV 
CFSC 
CFSC 
CFLC 
CFLC 



XXXX 
0000 
0001 
0011 
0010 
1001 
1101 
1000 
1 100 



Load or Store Variable 
(CFLV, CFSV) 



Setup Interrupt Code . 
Store Address of Op Code 
of This Instruction 



Reset Stop Code 




Setup to Store PSW 



Read Out Main Storage 
Byte 



QE801 



Read Out 1400 Local 
Storage 'B' Position and 
Store the Byte from Main 
Storage 




Setup Address of First 
Byte 00 of Local Storage 



Set 360 LS Byte 8C to 44, 
Store Instruction Address 




Read Out 1400 Local 
Storage 'B' Byte 

I QEE 



Read Out Main Storage 
and Store the Byre from 
1400Locol Storage 'B' 



Read Out 1400 Local 
Storage "A' Byte 



Read Out Main Storage 
Byte 



Read Out Main Storage 
and Store the Byte from 
1400 Local Storage 'A' 



Read Out 1400 Local 
Storage 'A' Position and 
Store the Byte from 
Main Storage 



Chart 007 





Force Op Register Bit 3 
On, Store 256 Bytes in- 
to 1400 Storage 'A' from 
Main Storage and 256 
Bytes into 1400 Storage 
'B' from Main Storage 



Bytes Defined 


W2 
LS'A' 


W2 
LS'B' 


80 through 83 





8 


84 through 87 


1 


9 


88 through 8B 


2 


A 


8C through 8F 


3 


B 


90 through 93 


4 


C 


94 through 97 


5 


D 


98 through 9B 


6 


E 


9C through 9F 


7 


F 



Setup 1400 Local Stor- 
age Address 




QE80I 
To or From ^"v^,^ From 
Main Storage 



Read Out 1400 Local 
Storage 'A' Byte 



Read Out Main Storage 
and Store the Byte from 
1400 Local Storage 'A' 




Setup for ILC of 10, 
Clear any 8F (Wrap) 
Traps. Setup ioAllow 
Traps (Reset H-Register) 



QA171 



99 


Wl 


W2 


Bl 1 Dl 


CFIM 







Main Storage 


CFMS 


1 


* 


Address 


CFSV 


3 


*1 




CFLV 


2 


*2 




CFSC 


9 


*3 




CFSC 


D 


*4 




CFLC 


8 


*5 




CFLC 


C 


*6 





* If W2 is a - No Initialization Required 

1 - Initialize for 1402 Card Load 

2 - Initialize for 1400 Tope Load 
9 - Initialize for 1442 Card Load 

*1 If W2 Is Through F, Store Four Bytes from Main Storage at 
Location Shown in Chart 1 

*2 If W2 Is Through F, Load Four Bytes from Local Storage 
per Chart 1 into Main Storage 

*3 If W2 Is Through F, Store Sixteen Bytes from Main Storage 
into Local Storage 'A' . Locol Storage Locations are Deter- 
mined by W2; if a 0, Location 00 Through OF are Stored etc . 

*4 Some as *3 Only Use Local Storage 'B' 

*5 If W2 Is Through F, Lood Sixteen Bytes from Local Storage 
'A' into Main Storage . Locations (LS) Are Determined the 
Same as *3 

*6 Same as *5 Only Use Local Storage 'B' 



Read Out Main Storage 
Byte 



Read Out 1400 Locol Stor- 
age 'A' Position and Store 
the Byte from Main Storage 




u 



Read Out Main Storage 
Byte 




Read Out 1400 Local Stor- 
age 'B' Position and Store 
the Byte from Moin Storage 



Read Out 1400 Local 
Storoge '8' Byte 



Read Out Main Storage 
and Store the Byte from 
1400 Local Storage 'B' 





QA511 



Restore High Address, Stor< 
the Instruction Address, tht 
ILC , and Set a PSW Bit 



Restore High Address 



QE811 



Setup to Recognize Which 
Op Code is Being Done. 
Setup the Addresses of the 
Source and Destination 
Fields 



QE811 



Byte 1 of the Source and 
Destination Addresses are 
Checked for all Zeros 




QE8H 



Read Out Count and Store 
in Hardware Register. Set- 
up a Word Separator (WS) 
Character 



Read Out So 
Character 





QE821 
Character "v^ [vj^ 







Read Out Source Charac- 




o 



Setup to Set a Word 
Separator in the Destina- 
tion Field. Setup Source 
Address to Read Out Some 
Source Position Again 



Character ^^^ 


Yes 








s a GMWM ^^ 






QE831 
QE85I 






Store 


Count 





Read Out Desttnotlor, 
Field Character 



Store Source Chorocte 
or WS in Destination 
Field 





Read Out and Set Condi- 
tion Regisler to 1000 



Read Out and Set Condi- 
tion Register to 0100 



Store Source Characte 
WS with WM in 
Destinotion 



Decrement Low Count 
Byte by One. 



Update Destination Field 
Address to One Position 
Past GM 




Read Out and Write Bock 
Destination Character 




Read Out and Set Con- 
dition Register to 1000 





Decrement the Low Count 
Byte 



Read Out and Set Con- 
dition Register toOlOO 



Store the Destinatio 
Address 



QE851 



Store the Source Address . 
If the Destination Add- 
ress was 0000, Set Byte 1 
of That General Register 
to 01 



Read Out and Write Back 
Destination Character 





1 


QE821 


Read Out 
Position a 
Chorcctei 


Destin 
nd Sto 
There 


e Source 



Decrement the Low Count 
Byte 





Store GMWM in Position 
of Destination Field Last 
Read Out 




1_[ 



Store the Source Addn 



I QE85 1 

Store the Destination 
Address . If the Source 
Address Is 0000, Set Byte 
1 of That General Reg- 
ister to 01 



Read Out Last Destinoti< 
Position Read Out and 
Store Source Character 
There 




Set a WM in the Source 
Character. Read Out 
Same Position of the 
Destination Field that was 
Last Read Out and Store 
the Source Character with 
a WM. Decrement 
Low Count by One, 



CLF 157 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet 1 
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^^1— 


QE831 


Set Sou 
Address 
Just Re 


rce Character 
to Position 
ad Out 


1 OE831 


Decre-nent High 
Byte By One 


Count 




Read Out Destination 
Character 



Set Source Address to 
Last Positive Read Out 



I QE831,8 51 




Store Source Character 
with WM at Destination 
Position 



Decrement the Low Count 
Byte by One 



Store the Sc 


urce Address . 


If the 


Desti 


latlon Add- 


ress Is 


0000 


Set Byte 1 


of That Ger 


eral Register 


to 01 







Read Out and Set Cond- 
ition Register to 1000 



Read Out and Set Cond- 
ition Register to 0100 



Store Source Addres: 



1 QE851 


Store 


Destination Add- 


ress . 


If the 


Source Add- 


ress 1 


0000 


, Set Byte I 


of Th 


3t Ge 


lerol Register 


to 01 







CLF 158 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet 2 



Diagnostic Techniques Charts. 

How to Use . 

1 . Initial entry can be by: 

a . Starting on this chart (chart A) find a symptom 

and find which chart shows the required 

action needed . 

Knowing the symptom and which chart shows 

the required action, go directly to that chart. 
If a chart is entered directly, be aware that some 
information is assumed because a previous chart 
was bypassed . 

if directed to a diagnostic test and while running 
the test an error is detected, the user is expected 
to analyze and repair the failure . 
4. if at any time the user has developed an approach 
which is faster or better than provided in the 
charts, he should leave the charts and link back 
only if more information is needed. Also, send 
the procedure to the publication department of this 
manual for possible inclusion. 

Most failures are considered hardware until proven 
otherwise . 




DT Chart A Action Index 




Located Within the CPU 
Power-On Button 



SL 



Clock Start and CCROS 
Readout Check Procedure 



YA Chart Y Sheet 



Press LAMP-TEST Switch 
and Ensure All Console 
Indicators Functioning 



This Includes the Ind- 
icators on Console Low- 
' er Right (System, Man- 
I ual, Wait, Test, and 
I Load) 



Replace Bad Indicators, 
Beware of Loose Con- 
nections on Bulb Holder 



'Bulb-Hc 


Ide 


Color Code 


lYellow 




- Logic Signal 


iBlack 




- Ground 


|Red 




- +6V Lamp 
Test 


White w 


ith 


\ Indicator AC 


|Black T 


acer/ Voltage 1 



System Reset Che 
Procedure 



Hold Down the Systen 
Reset Key 




1 If Selector Channel Op- 


1 tion Installed, the Two 


1 P Bits in the Count Field 


Light Up with System 


' Reset Key Pressed (Lights 


1 Go Out on Release of 


1 Key) Selector Channel 


1 Option Not Installed; 


Take Yes Path 



Release System-Reset Key 



Start on ALD PB191 and 
Trace Lines Back . Check 
for Loose Cables 



The Multiplexor Channel 
Bus-Out Register P-Bit 
and the SALs and Control 
Register Data Remain the 
Some as Prior to System 
Reset, The Following 
Lights Should Be On: 
1 . Monuol 

2. Test 

3. Main-Storage Data 
Register P-Bit 

4. ALU Output P-Bit 

5. Main-Storage Address 
Register Hi P-Bit 

6. Main-Storage Address 
Register Lo P-Bit 

7 . Main Storage 

B. Selector Channel 1 

Data Register P-Bit 
9. Selector Channel 2 

Data Register P-Bit 
0. W-Register P-Bit 
1 . X-Register P-Bit 



All Indicators Not Ment- 
ioned Should Be Off: This 
Is Pictured in the FE Main- 
tenance Manual, Y24- 



3390-2, Under CPU Con- 
sole Panel I n Chapter 6 




Diagnostic Procedure 
Dictates Continuing to 
Run Basic Test BFF (3345). 
However, it Loose Cables 
Are Suspected, You Can 
Scope it Out (Find the 
Indicator on it's Part- 
icular ALD (PBXXXI and 
Trace Back 




. Power Is Off in the 
Control Unit That 
Has the Interface 
Cable Terminator 

. System Reset Is Not 
Dropping Operation- 
Out on Interface to 
Reset Control Unit 
MPX Channel - 
ALD FAIOI 
Selector Channel I- 
ALD GA021 
Selector Channel 2- 

ALD GA021 
Control Unit Reset 
Failure 



Turn Rate Switch to 
Single Cycle 



This is the first part of the 
ROS Scan Test Procedure, 
ID 3349 (Vol 41 ) 



Set F,G,H,J Switches 
to One of the Following 
WX Addresses and Press 
START 



WX Read Out Check 

Address 

1. OACOAII SAL Bits but 

PS and PC 

2. OACI CN P, PS and 

PC Bits 

3. 0AC2CN P, PS and 

PC Bits 

4. 0AC3AII SAL Bits but 

PS and PC 



Note: 

There Are Two W and X 
Registers. One (ALDS 
RWOll ond RXOll) 
Addresses CCROS and 
the Other (ALDS RW021 
and RX021) is the 
Indicator ROSAR WX 
Registers 



Continue Flow After 
I Displaying Each Address 




1 Hard Core 


Failure . Ar 


y 


1 Hardware 


Failu 


e That 




1 Prevents a 


Successful 




1 Start of th 


e Bas 


c Test 





1 For Possible Card Re- 


1 placement Refer to List- 


1 ing in Basic Test BFF 


(Vol 41) under 


WXAdd- 


' ress 0000 Zero 


Test and 


1 CF Stops 





l_ 



Suspect : 

1 . The Clock or Clock- 

Start Circuits 

2 . The START Key or 

START Latches 
(All on ALD's KCXXX) 



Chart H Sheet I 




i SALs Readout Correct 



Suspect: 

1. WX Register Failure 

on ALD RWOll or 

RXOIl 


2. F,G,H,J Sv 
Failure 


/itch 



An Indicator ROSAR 
Failure, ALD's RW021 
and RX021 




Repeat Above Routine 
until All Addresses Have 
Been Checked 



Display WX Addresses 
0000 and 0FFf'(1FFF if 
Compatibility Installed) 
to Insure All WX Reg- 
ister Bits Set or Reset 



Suspect: 



Wrong WX Address 
Being Sent to CCROS 
(ALD RWOll, RXOll, 
ED002, and ED003) 
CCROS Decode Fail- 
ure 

Wrong Document Card 
in CCROS 



Chart C Sheet 3 



Chart E 



Refer to Above Chart 
for Basic Check of Coi 
sole Indicators and 
Switches 



I Not Norrrially Necessary, 
I But a Good Check, Es- 
I pecially for Suspected 
I Loose Coble Detection 
I or Through CPU Check 



The Following Micro 
Diagnostics Are Listed 
Showing Run Procedure: 
for Quick Reference 
Only. For Advanced 
Information and SWAC 
(Stop Word Analysis 
Charts) when Results Ar. 
Not Correct, Refer to 
Vol 41 under the Test 
Number 



Chart B Sheet 2 



DT Chart B Diagnostic Check Out (Sheet 1 



Chart B, Sheet 



Run BFF Basic Resident 
Micro Diagnostic Test 
3345 (VOL 41) 



Follow Procedure: 
1 . Set F,G,H,J Switches 
to WX Address OBFF 

2. Set CHECK CON- 
TROL Switch to 
Diagnostic 

3. Set all others to 
Process 

4. Press SYSTEM RESET 

5. Press ROAR RESET 

6 . Press START Key to 
Initiate Test 




^ 



ROS Scan (OBFl) 
to Test the CCROS 
Units Using Test 
(VOL 41) 



I Console Red Lights 



NO 



Press START Key 




IChart I, Sheet 1 
IChart H, Sheet 1 



Is ROS Control Register 
CF Field 100 




Failure Type, CF Stop 



Failure Type, Loop 



Failure Type, 
Machine Check 



Failure Type, Zero 
Test Stop 



Locate the Displayed 
WX Address in the SWAC 
(Stopword Analysis 
Chart) of the Basic Test 
ID 3345 (VOL 41) 



System Reset-Start 
Basic Test 



Follow Procedure: 

1. Set CHECK CONTROL 
Switch to Stop 

2. Press SYSTEM RESET 
Key 

3. Press START Key 




Setup: 

1 . ROS Control Switch 

ROS Scan 

2. Check Control Switch 

Stop 

3. Others 

Process 

4. F,G,H,J Switches 

OBFl 

5. Press SYSTEM RESET 

6. Press ROAR RESET 

7 . Press START 

Scan the 2030 CCROS 
Unit with ROS ADR, 
ROS SALs and Control- 
Register Lights Blinking. 
It Will Stop on Errors 
with Address and Data 
of Failing Word Dis- 
played 



This Type of Block Is 
Used on this Chart; 
The Upper Part (Above 
Dash Line) is the 
Setup. The Lower Part 
(Below the Dash Line) 
Is the Expected Results. 
If Results are Correct, 
Go On; If Not, a 
Problem Exists 



1400 Compatability 
Option - Set F Switch 
to 1 

Scons Both CCROS 
Units with Lights 
Blinking 



CCROS Repop Micro 
Diagnostic Tests in 
Priority Order (Repop 
Means Nonresident) 



Run the Priority Controls 
Repop Micro Diagnostic 
Test 3347 (VOL 41) 



Run the R/W Storage 
FLT Repop Micro Diag- 
nostic Test 3348 (VOL 41) 



Loop Basic Test 128 
Times Via Load 



1. Set F,G,H,J 
Switches to 0000 

2 . Press LOAD Key to 
Initiate Test 



Unit 0000 or Any Other 
. Nonexistent Device on 
I the Multiplexor Channel 




Chart B, Sheet 3 



Repop CCROS Locations 
29-0, 29-1, 31-2, 
31-3, 31-4 and 31-5 



Plug the Green Tabbed 
Version 000 CCROS 
Document Cards 



Setup: 

I . ROS Control Switch - 
ROS Scan 

2. Rote Switch 

Instruction Step 

3. Others 

Process 

4. FGHJ Switches 

FFFF 

5. Press LOAD Key 



Result: 

1 . WX Address - 0BC7 

2. B-Register CPU Check 



I If at any Point the 
I Proper Results Are Not 
I Obtained, Go to SWAC 



Press Set l/C 



1 . WX Address - OBBE 

2. A-Register CPU Check 



Press START 

No Visual Change 



Press START 



1 . WX Address - OBCD 
2. No CPU Checks 



Press START 


1 . A High-Spe 


ed Loop 


Results (Sys 


■em Light 


On) 




2. A-Register 


CPU 


Check Is Be 


ing 


Turned On 


and Off 



Plug the Red Tabbed 
CCROS Document Cords. 
Version 996 for M2I and 
998 for M2 



Setup: 
1 



tch 



Check Control S' 
Diagnostic 

2. ROS Control Switch 

ROS Scon ^ 

3. Others 

Process 

4. Switch F Is Set to the 
Number of Auxiliary 
Storage Units 

5. G,H,J Switches 

BDD 

6. Press SYSTEM RESET 

7. Press ROAR RESET 

8 . Press START 



Loop (System Light On) 
with Multiplexor Channel 
Tags Address-In and 
Operation-ln Blinking 



1 
1 
1 

IStoraqe 


Units 


Approximate 
Blinking 
Repop Rate 


1 8K 


2 


1 .5 Seconds 


1 16K 


4 


3 


1 32K 


8 


6 


1 64K 


8 


13 



DT Chart B Diagnostfc Check Out (Sheet 2) 



Chart B, Sheet 2 
I BD I 



Run the Multiplexor 
Channel Micro Repop 
Diagnostic Test 3346 
(Vol 41) 



I Plug the Orange Tabbed 
I CCROS Documents 
I Cards, Version 997 



Setup: 

1 . ROS Control Switch 

ROS Scan 

2. Check Control Switch 

Diagnostic 

3. Others 

Process 

4. A,B,C,D Switches 

00 Address of Aux- 
iliary Storage) 

5. E-Switch 

AS (Auxiliary 
Storage) 

6. F,G,H,J Switches 

OBFE 

7. Press STORE. This 

Stores FE in Aux- 
iliary Storage 
Address 00 

8. Press SYSTEM RESET 

9 . Press ROAR RESET 
10. Press START 



Result: 

WX Address at OBCD 

with No Errors 




Execute Setup; 

1. H,J Switches - 00 

2 . Press START Key 

This Initiates Execution 
of All Entered Commands 



Clear Main Storage and 
the Storage-Protect 
Stock Useing (0BF8) 
Test 3348 (Vol. 41) 



■ Plug the Yellow Tabbed 

I CCROS Documents 

I Cards, Version 906 

I 



Optionol Feature 
Run the Storage Protect 
Micro Repop Micro 
Diagnostic Test 3350 
(Vol 41) 



Exercise the Channel 
Interfaces Using the 
I/O Micro Test 3344 
(Vol 41) 



Setup: 

1 . ROS Control Switch 
ROS Scan 

2. Check Control Switch 

Diagnostic 

3. Others 

Process 

4. F,G,H,J Switches 

OBFE 

5. Press SYSTEM RESET 

6. Press ROAR RESET 

7 . Press START 



Result: 

Stops at WX Address 

OBCD with No CPU 

Checks 



Set Up: 

1 . Set ROS Control 
Switch to ROS Scan 

2 . Set Check Control 
Switch to Disable 

3. Set All Others to 
Process 

4. Set F, G, H, J 
Switches to 0BF8 

5. Press SYSTEM RESET 

6. Press ROAR RESET 

7 . Press START 



Main Storage, Auxili- 
ary Storage, and the 
Storage-Protect Stack 
Are Cleared and Errors 
Are Bypassed 



Rotate Check Control 
Switch To Stop 



Scon Continues If No 
Errors, or Holts If Errors 



1 . Start Key Again 

Loops the Two Worst- 
Case Storage-Protect 
Stack Patterns 



I To Stop, Turn Rate 
I Control Switch to 
I Single-Cycle 



Run the Selector 
Channel FLT (s) 
Selector Channel 1 — 

Test 3447 
Selector Channel 2 — 

Test 344A 
(Vol. 41) 



I For File-Seek .Oper- 
I afions, Refer to Test 
I Description in Vol 41 



Setup: 

1 . All Switches 
Process 

2. F,G,H,J Switches 

OFOO 

3. Press SYSTEM RESET 

4. Press ROAR RESET 

5. Press START 







The Initial Command 
Set Is Loaded into 
Main Core Location 
0000 Thru 0003. 
Additional Sets Con- 
tinue 0004-0007, etc 



Channel and Device 

Setup: 

1 . F,G Switches 

Channel Address 

2. H,J Switches 

Device Address 

3. Press SET l/C 

Loads Channel and 
Device Addresses and 
Stops at WX Address 
0F2B 



Command and Count 
Setup: 

1 . F,G Switches 

Command 

2. H,J Switches 

Count 

3. Press START Key 

Completes Loading of 
One Command Set and 
Stops at WX Address 
0F2B 



Plug the White Tabbed 
j Version 914 CCROS 
I REPOP Document Cords 

I ^ 

I 
I 



Set Up: (Assumption 
Card Read Used) 
1 . Place DM4 Monitor 
Followed by FLT(s) 

2 . Ready Reader 
(Reader Start and 
End-of-FIle Keys) 

3. Set All Console 
Control Switches to 
Process 

4. SetF, G, H, J 
Switches to Channel 
and Unit 

5. Press Load Key 



Results: 

1 . DM4 Loads In 
2. Prints WTE DM4 
(Level) and the 
Next Available 
UDT Core Locatic 



For Additional Aid, 
Refer to 2030 FE Hand 



book Under Diagnostics . 
|o;7ratIonFlow-A|p„4 
I Operation Flow-B ) 

and Operation Pro- 
I cedure for Selector 
I Channel FLT's 



Press Interrupt Key 



1 . Prints System Con- 
figuration 

2. Reads in the Test 
Section of the FLT 

3. Prints S 3447 (Start 
Test) 

4. Prints Warning To 
Ensure REPOP Card 
In, and All Switches 
In Process 

5. Executes the FLT 

6. Prints No-Errors- 
Found and Optlon- 
To-Recycle Test 

7. Prints DM Holt 
Message with 
Supervisor Call PSW 

8. Goes to Walt State 



Press Interrupt Key 



1 . Reads In and By- 
passes the FLT Tables 

2. Prints T (Termination) 

3. Reads In the Next 
Test or Goes To 
Wait State If Last 
Test. 



Chort B Sheet 4 



DT Chart B Diagnostic Check Out (Sheet 3) 



Cha rt B She et 3 

The Selector Channel 
FLT's Are the Only 
2030 Machine Language 
(Macro) Diagnostics 
That Cause CPU Red 
Light Checks. Thus 
the User Can Run the 
Remaining Tests in 
Stop Mode, if Desired 



Run All Associated 
Machine Language 
(Macro) Diagnostics. 
This Should Include 
1 . CPU Standard Set 

2. CPU Optional 
Features 

3. Standard I/O 

4. Optional I/O 

5. Meter Test 

6. Compatibility CPU 
and I/O 

7. System Test 



The Remainder of This 
Chart Is Intended to 
Introduce the User to 
Methods, Procedures, 
and Areas of the System 
That Are Not Normally 
Checked. This Infor- 
mation May Be of Value 
on Intermittent Prob- 
lems or When All Other 
Methods Have Been 
Exhausted, But Extreme 
Caution Is Recommended 
in Most Areas 



Stop Mode Stops the 
Machine for Unexpected 
CPU Failures Before 
Monitor Logs Them 
Out . Press Start if 
Logout Is Desired or 
Go Directly to Chart C 
Sheet 1 At CA 




For Test ID Numbers 
Refer to The 2030 FE 
Handbook Under 
System/360 Diagnostics 
For An Excellent Listing 
and Suggested Running 
Order Refer to the 
2030 Installation 
Instructions Part Number 
824400 Appendix A 
Sections 3 and 4 



Review of CEM's, Retain, 
etc . Should Be Checked 
For Similar Problems 
Before Even Considering 
These Hints 



. An Excellent CPU 

Checkout Is Listed 

Under CCROS 

Service Hints in 

Chapter 1 of the 

2030 FEMM 
, Do The CPU Switch 

and Indicator Check 

Procedure, Chart E, 

Sheet 1 at EA 
, Run the CCROS 

Voltage Check in 

Chapter 4 of the 

FE Maintenance 

Manual 

Disable the Retry 

Circuits and Have 

Customer Run His 

Jobs in Stop Mode 

Run Main Storage 
Worst-Case Pattern 
Tests and Check 
Memory SCHMOO , 
Disconnect Blower 
Motors on CCROS 
and Storage Units, 
Raise Room Temper- 
ature in Attempt to 
Bring Out Intermittents 
Cool Suspected Areas 
Using ICE or Dry Ice 
and a Blower or Fan 
(It May Help to Find 
a Broken Land 
Pattern.) 

Vibrate Entire Units 
Ensure That All Cards 
and Edge Connectors 
Are Seated; Use a 
Pencil with an Eraser 
to Reach the Small 
Crossover Cables in 
the CPU 

Tap Cards and Edge 
Connectors 

Use Marginal Voltages 
in SMS Control Units 
(Such As 2821) 
Varying Voltages in 
the CPU Has Not 
Seemed to Be of Much 
Value, But Can Be 
Tried with Extreme 
Caution 

Use Anti-Sta:tic Spray 
and Solutions when 
Static Electricity Is 
Suspected 
Note; Beware of 
Furniture with Casters 
Being Moved Past The 
System 

Run or Prevent Oper- 
ation of Communi- 
cations and Other 
External Electronic 
and Electrical Dev- 
ices to Decrease or 
Increase Failures 
Beware of Room 
Temperatures Above 
98° and Humidity 
Below 20%. 
Is It Always the Same 
Shift or Operator 
When Failure Occurs 
Check the Last Control 
Unit on Every Channel 
for the Interface 
Terminator 

. Spot-Check Voltage 
Levels on CPU Boards, 
CCROS, Storage, and 
the 1/2 Board OIF. 
For the 1050 Interface 
+6v— Pin Bll 
+3v— Pin D03 
Ground—Pin DOS 
-3— Pin B06 
Note: For 1/2 Board 
Voltages, Refer to 
ALD PF571 

. Check All Single- 
Shot Settings . The 
Following Is A List 
of the Single-Shots 
in the CPU 



Single-Shots in CPU 


ALD 


Function 


DM051 


Metering 


FA 101 


MPX Channel Operation-Out Reset 


GA021 


Selector Channel 1 Operation-Out Reset 


GA021 


Selector Channel 1 Hold-Out Interlock 


HA 021 


Selector Channel 2 Operation-Out Reset 


HA 021 


Selector Channel 2 Hold-Out Interlock 


PFa42 


1052 Carrier Return Line Feed 


PF043 


1050 Restore (Reset) 


PF071 


1050 Attention (Request) 


PF251 


Audible Alarm (Optional) 



DT Chart B Diagnostic Check Out (Sheet 4) 



Chart I, Sheet 1 
Chart W, Sheet 1 
Chart W, Sheet 2 



I Assumption; 
Lamp Check Completed 



Log Console Indicators 
Use Console Image Sheet if 
Available 



Check for Diagnostic 
Error Stop 



Place All Switches in 
Process and Observe the 
Test Light on Lower Right 
of Console 




I Switches: | 


1 


ROS CTRL 


2 


RATE 


3 


ADDR COMP 


4 


CHECK CTRL 




Stopped While Running 
a Microdiagnostic Test. 
Use Stop Word Anolysis 
Chart of Associated Test 







1 




ci- 


eck the D 


agnostic 


Latch 


or 


ALD DK041 if You 




1. 


Just IPL 






2. 


SYS R5T- 


START 




3. 


Not Runn 
nostic 


ng Diag- 





Stopped before HI was Set i 



Second Error Has Oc 
urred before Logout . 
First Error was Started 




Chart C, Sheet 2 
CD 



Follow the R/W Storage 

Diagnostic Procedure Item 

4 of Test 3348 Located in 

Volume 41 

Note: The Priority Control 

Repop. Test Can be 

Skipped 



If Selector Channels Were 
In Operation: Run the As- 
sociated FLT(s) in Vol 41 
SEL CH 1-Test 3447 
SEL CH 2- Test 344A 




CCROS Failure Occur- 
red During a Cycle 
Which Could Hove Al- 
tered Data In Storage 
— Do Not Allow Cont- 
inuation of Job 



If 1401 Compatible, Re- 
initialize Compatible 
Auxiliary Storage with 
CID Deck at Completion 
of Coll 




Display Q-Register 
Note: The P-Bit Plus 
Q-Register Bits (4, 5, 6, 
and 7) Should Be Odd 
(Q Hi Not Significant) 




Possible Check Circuit 
Error— ALD KROSl — Bosic 
Test BFF Should Locate 



Run Storage Protect Fea- 
ture Adjustment (Refer to 
Chapter 4 of 2030 FEMM) 



CB 
Chart C, Sheet 2 



Run the Following Micro 

Diagnostics 

1 . Basic Test BFF-3345 

2. (REPOP.) Priority 
CTRLS -3347 

3. (REPOP.) Storage- 
Protect —3350 

All in Vol 41 



Basic Test "BFF" Should 
Catch This Error (Vol 41) 



If Basic Test Does Not 
Catch Error-When Error Re- 
occurs Scope Inputs to the 
Exclusive OR Circuits on 
ALD AL051 (No Two Inputs 
Should Be at the Same 
Level) 



"I 

IFor ALU Control Line Def- 
linitions Refer to 2030 
JFETOM Chp. 2 Arithmetic 
( Logic Unit 




DT Chart C CPU Checks (Sheet 1) 



Chart C, Sheet 1 
CB 




False Error ALD KR031. 
Basic Test BFF= Should 
Locate 




Spot Check the Allow 
Write Light Under CPU 
Status 



Without Using SYS RST 
Redisplay WX Registers 



Examine True CB Field 
of SALs 



1 . F, G, H, and J SWS 
to Displayed WX Address 

2. Rate 5W to Single 
Cycle 

3. Press ROAR RESET 

4. Press START 



Use ROS Control Field 
Chart QAOOO Page 1 
Vol 20 




Beware of an Unspecif- 
ied Register Being OR'd 
in with the Expected 
Register, Causing the 

F. 



I Not Now, but at Prev- 
I ious Spot Check or from 
I Original Console Log. 




Definite Main Storage 
or R-Register Failure 



Follow the R/W Storage 
Diagnostic Procedure, 
Item 4 of Test 3348 Loc- 
ated in Volume 41 
Note: The Priority Con- 
trol Repop . Test Can Be 
Skipped 



If Selector Channels 
Were in Operation; 
Run the Associated FLT(s 
in Vol . 41 

SEL CH l~Test 3447 
SEL CH 2~Te5t 344A 



1 . L, D, or K to B-Reg 

Transfer Failure 

2 . An Unspecified Reg- 

ister Being OR'd On 
the B-Bus 



R to (A or B) Register 
Transfer Failure 



Note: If Failure Is Solid 
Skip 2 Blocks and Run 
BFF Prior to This Pro- 
cedure . 

1 . Locate the Micro 
Word Using Module 
Assign Charts (Q2) in 
Back of Vol 24 

2. Tracing Bock, Locate 
Block Where Register 
was Last Changed 

3. Early ROAR Stop on 
This Word . Observe 
Failing Register while 
Single-Cycling through 
Micro Word 



Suspect: 

1 . Faulty Latch or Assoc- 
iated Circuitry of Reg- 
ister 

2. Z-Bus Parity Generator 



NO 



Failure in Error Check 
Circuit ALD KR031 



Spot Check the Allow 
Write Light 



Redisplay the WX Regs 



"fSet 

I 1. F,G,H, J SWS to 
I Displayed WX Address 
I 2. RATE SW to SINGLE- 



CYCLE 

Press ROAR RESET 

Press START 



Examine CA Field in SALs 
Display for Source 




Allow A-Register Check 
on ALD KR 021 Should 
Have Blocked A-Register 
Check 




Multiplex Channel or I/O 
Oriented Problem. 
Statically Check the Data 
on Bus In at the Control 
Unit and the CPU. Sus- 
pect Bad Interface Driver, 
Receiver, or Cable 



Suspect: 

1 . Source Register to A- 
Register Transfer 

2 . Unspecified Register 
Being OR'd into "A" 
Along with the Expect- 
ed Register 



Chart C, Sheet 3 




BFF Test: Run Basic Micro 
Test 3345 (BFF) Vol 41 — 
If Necessary, Loop Test 
Using Step 3.2 



Run Priority CTRL Repop 
Micro Diagnostic Test 
3447 



I M2 Memeory: 2 Micro 
I Second Cycle 



Scope Special 32 K MN 

Register 

ALD MA051 and MA052 



Check Circuit Failure 
ALD KR031 



CD 
Chart C, Sheet 1 




1. F, G, H, J SWS to 
Displayed WX Address 

2. RATE SW to SINGLE- 
CYCLE 

3. ROAR RST 

4. START 



Check SALS CM Field for 
Source 




Suspect: 

Source Register to MN 

Transfer Failure 





CC 

Chart C, Sheet 3 



DT Chart C CPU Checks (Sheet 2) 




/ 



o 



Check Parity of W REG 
Check Parity of X REG 




I Important Assumptions 
I 1 . Lamp Test OK 
' 2 . Console Logged 



' If a ROS Address Check 
I Is also Present Begin with 
that Sympton First 



CPU Hardware Failure 

Suspect: 

1 . WX Parity Bit Generator 

2. Wor X RegALD RXOll 




Chart B, Sheet 1 
CH 




Check SALs Parity 
Check CTRL Register 
Parity 



1. F,G,H, J SWS to 
Displayed WX Address 

2. RATE SW to SINGLE - 
CYCLE 

3. Press ROAR RST 

4 . Press START 




Suspect: 

1 . CCROS Decode Failure 
Caused Read Out of 
Some Other Word 

2. Multiple Pick or Drop 
of Bits in CCROS 



Re-display WX Registers 



Use ROS CTRL Field Chart j 
and CLD, Bit List or | 

Image Card | 



Check Every ROS and 
CTRL Register Bit Against 
CLD 



Suspect; 

1 . Wrong Document Cord 
in This Location 

2. CCROS Decode Failure 
Caused Readout of An- 
other Word 

3. Even Pick or Drop of 
SALs with No ROS 
SALs or CTRL Register 
Check Indication . If 
the Address P Bit Ends 
Up in the Wrong State, 
a ROS Address Check 
Occurs. Normally a 
Static Discharge Prob- 
lem 




Early ROAR Stop on Fail- 
ing WX Address . Check 
the Displayed CN Field 
for Proper Next Address . 
Check CLD, Bit List, or 
Image Card 



I 

I Good SALs Parity = (CN 
I + CN Parity) Odd and 
I (SAP + CH + CL * CA + 
I CB + CM + CU + AII of 
1 CK)+ (ADDR P) Odd. 
I Control Register = CR + 
]CD + CF +CG+ CV + 
1 CC + CS 




1 . RATE SW to SINGLE- 
CYCLE 

2. SYSTEM l^ESET 

3. ROAR RESET to Fail- 
ing WX Address 

4. START 



Suspect: 
Faulty Check Circuit 
ROS SAL KR041 
CTRL REG KR041 



Match SALs and CTRL 
Registers With Prev- 
iously Logged Console 




Chart C Sheet 1 
Chart H Sheet 1 




Identified By Cards Plug- 
qed in 014-C3L2 



Run ROS Scan Diagnostic 
Test Procedure; 
Test 3349 (Vol 41) 



Suspect: 
Retry Not Fun 



Run CCROS Driver Volt- 
age Check in Chapter 4 
of 2030 FEMM 



(Assumptions: 

I 1 . Lamp Test Checked 

I 2. Console Display Logged 



Run CCROS Checkout 
Procedure in the 2030 
FEMM Chapter 4 Under 
CCROS Retry Checks 



j For AID: 

I Refer to CCROS Retry 

I in 2030 FEMM Chapter 1 



Run CCROS Driver Volt- 
age Check in Chapter 4 
of 2030 FEMM 




Suspect: 

1 . Intermittent CCROS 
Component 

2. Static Electricty Dis- 
charge 




Refer to 2030 FEMM 
CCROS Service Hints, 
Chapter 1 



Continue This Method 
Fixing One at a Time 
Until Upper Limit 



Clean Then Vary Toward 
I Lower Limit. Fix One 
I at a Time Until Successful 
I Voltage Check Is Made 



While Running ROS Scan 
Diagnostic Test Procedure, 
Test 3349 (Vol 41) Vary Pot 
Toward Upper Limit Pick 
First Failing Word 



Refer to 2030 FEMM 
CCROS Service Hints, 
Chapter 1 



DT Chart C CPU Checks (Sheet 3) 



5 



Index 

Chart M, Sheet 2 Chart S, Sheet 3 

Chart N, Sheet 1 Chart W, Sheet I 

Chart S, Sheet 1 Chart W, Sheet 2 



I Check Log Out Area . 

[ Log Out Area May Not 

I Be Valid Unless the Log 

I Out Area was Cleared 

! Prior to This Job 




Ensure That CPU Chan- 
nel Is Not at Fault 



, Any Evident Physical 
I Discrepencies on the I/O 
I Device . Example: Tape 
Dumped in Columns 




Some Units Provide an 
Additional Break Down. 
Example: Sense Byte 4 
in Tapes 




The Remaining Bits of 

Sense Byte OAre Not 

Usually Producible Off- 

Line; 

- Command Reject 

2 - Bus Out Parity 

5 - Over Run 

6 - Command Sequence 

7 - (Unit Dependent) 



Some Units Provide an 
Additional Break Down. 
Example: Sense Byt 3 
in Tapes 



The Exception May Be 
on Tape or File Control 
Units 




' Aid Examples: j 


1 1 


CE Off-Line Tester 


1 2 


Control Unit CE Dis- 




play and Control 




Panels 


1 3 


FE Maintenance Man- 




uals 


' 4 


Flow Charts and ILDs 




Located in the Main- 




tenance Diagram 




Manuals 


1 ^ 


Off-Line Diagnostics 




as on 2841 


1 6 


Tape or File Off- 




Line Drive Testers 



I The Error Indication Is 
I Definitely Control Unit 
I or Device Oriented 




Run the CPU Priority 
Control Repop Micro 
Diagnostic 3347 (Vol 41) 




Dont Be too Sure Unless 
You Have Previously 
Run the Channel Diag- 
nostics 



Run the Selector Chan- 
nel Repop FLT. 
Channel 1 - 3447 
Channel 2 - 344A 
(Vol 41) 



Run the Multiplexor 
Channel Micro Repop 
Diagnostic Test 3346 
(Vol 41) 



Using the Micro I/O 
Diagnostic Test 3344 
(Vol 41), Issue the Fail 
ing Commands and the 
Associated Counts 



I Use the Commands, Flags, 
(and Counts from Previously 
I Logged Data of Original 
iFailing Job 



Select All Macro Diag- 
nostic Tests for the Con- 
trol Unit and Device, 
and Run Them in the 
Prescribed Order 



Set Up to Catch CPU 
Checks, Certain Sel- 
ector Channel Errors, 
and ROAR Stop on Pro- 
gram Checks 



1 . Check Control Switch 
to Stop 

2. Address Compare Switch 
Switch' to Early ROAR 
Stop 

3 . Compare Address 
Switches (ABCD) 

to WX Address 0147 



Clear Log Out Area and 
Rerun Original Falling 
Job. If Same Failure Per- 
sists, Call for Assistance 



The Normal Procedure 
Would Be to Ensure That 
Mechanical Hardware 
and Initial Recognition 
Circuits Are Function- 
ing Off Line, but On- 
Llne Check Is Necessary 
to Check Control Unit 
to CPU Transfer 



Attempt to Create the 
Condition Off-Line 
Using All Available 
Aids 



Failure Cannot Be Pro- 
duced Off-Line 



The Remainder of the 
Status Bits and Addition- 
al Sense Bytes Are Un- 
ique to the Command and 
the Control Unit. They 
Are Not Usually Produc- 
ible Off-Line. A Quick 
Attempt Off-Line May 
Prove Beneficial 



Refer to the Control Unit 
5RL or to the System/360 
General FE Handbook 
for Specific Descriptions 



^ 



DT Chart D Device Chart 



Index 



Assumptfon: System 
Reset, the Clock, and 
the Read-only Storage 
(ROS) Aret Has Been 
Checked m the First 
Section of Chart B. 
Also, No Pertinent Data 
Is in Storage 



Power Switches and 
Emergency Power-Off 
Check 



LP Light Check 



1 . H, J Rotary Switches 
2. B-Register Display 



I . F, G Rotary Switches 
2. A-Register Display 



A, B, C, D Rotary 

Switches 

Manual Store and 

Display Keys 

M- and N-Register 

Display 

The Auxiliary 

Storage Indicator 



I Note: This Chart Is a 
I General Check of the 
I Various Indicators and 
Switches of the IBM 2030 



I Operator's Console Dis- 

I play Panel. 100% 

I Checkout Is Not Intended 



£ 



Address Compare 

Rotary Switch 

Match Light and 

Circuits 

All CPU Check 

Indicators 

Check Reset 

Load Key and Load 

Indicator 

System Light 



Pull Emergency Power- 
Off KiT^ 

Power Drops 



Manually Reset the 
Emergency Off Key and 
Press Power-On Key 



1 . Press Normal Power- 

Off Key 

2 . Press Power-On Key 

Observe Console Indi- 
cators . They Should 
Appear As Described on 
Chart B, Sheet 1, 
Except That All Read- 
Only-Storage (ROS) 
Data Lights Should Be 
Off 



Disconnect the Air Hose 
to the CCROS Unit 



The LP Light Shoul. 
Come On 



The LP Light Also Is Used 
to Indicate When Storage 
Temperature Is Not High 
Enough But the Check 
Procedure Is Too Time 
Consuming. 



Hold Store Key Down 
and Rotate H and J 
Switches . 

Observe the B-Register 
for Proper Character and 
Parity 



Set Up: 



1 . 5et All Switches to 

Process 
2 , Press System Reset 

3. F, G Switches— XX 

4. Set l/C 

5. Vary F, G Switches 
One At a Time and 
Branch to Step 2 

Observe the Contents 
of the A-Reglster for 
Proper Character and 
Parity 



Set 


Up: 


1. 


Set Address Com- 




pare Switch to SAR 




Stop Delayed 


2. 


Set Others to 




Procless 


3. 


Set ABCD Switches 




to 0000 


4. 


Set F, G, H, J 




Switches to 0000 


5. 


Press Load 


Res 


;lts: 


1. 


Load Light 


2. 


Match Light 


3. 


No CPU Checks 



1 . Set Address Com- 
pare Switch to 
SAR Stop 

2 . Press Load 

1 . Match Light 
2. All CPU Check 
Indicators 



No CPU Checks 



1 . Set Address Com- 
pare Switch to 
ROAR Restart 

2 . Press Load 

1 . System Light 

2. Match Light 

3. Sel Chan Count 
Reg P-Bits On 



3. 



Set Address Com 
pare Switch to 

ROAR Stop 
Set A, B, C, D 
Switches to 0B08 
Press Load 



1 . Match Light 

2 . WX Address OBOE 

3. Sel Chan Count 
Reg P-Bits Off 



1 . Set Address Com- 
pare Switch to 
Early ROAR Stop 

2 . Press Load 



1 . Match Light 

2 . Set WX Addr, 

0B07 



1 . ROS Control Switch 

2. Wait Light 

3. Test Light 



Set Up: 

I . Press System Reset 
Set E-Switch to 
Red Bond and AS 
(Aux Storage) 
Set H, J Swltches- 
FF. 

Press Store Key 
Press System Reset 
Press Display Key 



2. 



3. 



Results 
1. Ai 



Aux Storage Indi- 
cator On 

Main Storage Data 
Register (R-Reg) = 
FF 



Vary the A, B, C, D 
Switches, Pressing Store 
On Each Change 
Observe the Main 
Storage Address Register 
(MN) for Correct Char- 
acters and Parities 



Set ROS Control 

Switch to ROS 

Scan 

Set Others to 

Process 

Press System Reset 



WX Address Is 0300 
Instead of 0000 



1 . Store Hex 02 in 
Main Storage 
Location 0001 
(Wait Bit of 0000 
PSW) 

2. Set ROS Control 
Switches to Inhibit 
CF Stop 

3. Press System Reset 

4. Press Start 



1 . WX Address Is OOAE 
(Wait Word) 

2. Wait Light On 

3. Test Light On 



1 . Leave in Wait Loop 
2. Turn ROS Control 
Switch to Process 



Test Light Goes Off 



Chart E, Sheet 2 



DT Chart E Operators Console Check Out (Sheet 1) 



Chart E, Sheet 1 



^ 



1 . Check Control 

Switch 
2 . Bad Storage Data 

Detection 



Interrupt Key 



CPU Status Indicators 



Multiplexor Channel 
Indicators 



Set Up: 

1 . System Reset 

2. Set Rate Switch to 
Single-Cycle 

3. Set ROS Control 
Switch to ROS Scan 

4. Set Check Control 
Switch to Stop 

5 . Set Address Compare 
Switch to ROAR 
Stop 

Set A, B, C, D 
Switches to 0304 
Set F, G, H, J 
Switches to 0B9B 
Press ROAR RESET 
Start Four Times 



6. 



9. 

Enters An Out-of-Parity 
Hex 00 in Main Storage 
Location 0000 



For Other Core Addresses 
or Different Characters, 
Refer to Bod Parity Char - 
acter under Console Pro- 




Selector Channel 
Indicators 



Set A, B, C, D 

Switches to OBFO 

(Normal Memory 

Scan) 

Press SYSTEM RESET 

Press ROAR RESET 

Press START 



Manual Li ght 
Stora g e Data Check 
MN Reg Has Address 
of Bod Data 
Bad Data Displayed 
in R-Register 
Pressing Start Allows 
Memory Scan Through 
Good Areas and Stops 
at Bad Data Location 



I . Check Control to 

Disable 
2. Press START 



Continual Scan with 
Storage Data Check 



While Looping Storage, 
Turn Check Control to 
Process 



1 . Stops with Match 

Light On 
2 . WX Address— 0304 



I A Machine-Check Trap 
I Was Attempted to WX 
I Address 0004 But ROS 
I Scan Mode Forces X3XX 



Set Up: 



Set E-Switch to 
Grey Band and 
Display F 

Press SYSTEM RESET 
Press DISPLAY Key 



B-Register Displays An 
Out-of-Parity Hex FF 



The F-Register (External 
Interrupt Reg) Displays 
in the Indicators Those 
Interrupt Latches that 
Are Off 



1 . Press Interrupt Key 

2 . Press Display 



B-Re gi ster Displa ys a 
Hex BF 



Bit 1 Is the Interrupt- 
Key Position 



Setup: 



itches to 



Set Al 

Process 

SetF, G, H, J 

Switches to OBFF 

Press SYSTEM RESET 

Press ROAR RESET 

Press START 



I . Under CPU Status 

A . MPXChan Li ghi 
B . Sel Chan Li ght 

2. Multiplexor Channel 
Bus-Out RegIster-77 



1 . Set Rate Switch to 
Single-Cycle 

2. Press LOAD Key 

3. Press START Key 

1 . Allow Write 



Indicator On 
2. A-Reglster Check 



If 1050 Is Installed and 
Power Is On the 1050, 
Press the REQUEST Key 

Under CPU Status 1050 
Req Indicator On 



Set All Switches to 
Process 
Set H and J 
Switches to FF 
Press LOAD 



WX Address 0578 
Suppress-Out (MPX 
Tag) Is On 
Multiplexor Bus- 
Out Register-FF 



Assumption: No Device 
on the Multiplexor 
Channel Has An Address 



of FF 



If a Check of Multiplexor 
Tag Lines Is Desired, 
Use the IPL ROAR Stop 
Address Chart 1 and 2 




The Following Routines 
Check One Channel at 
a Time . Complete the 
Entire Selector Channel 
Section Then Start Over 
Again To Check the 
Other Channel 



Setup; 

Set Address Compare 
Switch to ROAR Stop 
Set All Others to 
Process 

Set A, B, C, D 
Switches to 09 IF 
Set F, G, H, J 
Switches to 
(Chan 1 or 2) FF 
Press LOAD Key 



Match Light 

WX Address 09 IF 

Selector Channel 

Data Register— All 

Bits 

Key— P Bit 

Command — Blank 

Flags— CC and 

SLI 

Togs — Select-out 

and Address-out 



■I 

I The Setting of Switch F 

I Determines the Set or 

I Reset of the SX2 Sel- 

I ection Latch (ALD HJOll) 

I Thus Determining Which 

I Channel Will Be Checked 



Set F, G, H, J 

Switches To the 

Address of An 
Available and Ready 
Device on Same 
Channel 
Press Load 



1 . WX Address-0981 

2. Selector Channel 
Data Reglster-02 

3. Key— P Bit 

4. Command - 2 

5. Flags— CC and SLI 

6. Tags— Op in and 
Stat in 



Set Check Control 

Switch to Stop 

Set All Others to 

Process . 

Set F, G, H, J 

Switches to 095D 

(WX Address ALD 

QD181). 

Press SYSTEM RESET 

Press ROAR RESET 

Press START 



WX Address— 092A 
(ALD QD 161) 
Selector Channel 
Program Check (Red 
Light) 

Selector Channel 
Interface Control 
Check (Red Light) 



The P 


ogra 


Tl Check Was 


1 SetF 


rst . 


Process 


ng 


1 ContI 


nued 


Until In 


terfoce 


1 Contr 


ol Ch 


eck Wa 


Set, 


1 Whic 


1 Coused the 


Stop 


1 Because of 


theCh 


eck 


1 Contr 


ol Sw 


itch Be 


ng In 


1 5top 


V\ode 







Repeat Selector Channel 
Area for Other Channel 



DT Chart E Operators Console Check Out (Sheet 2) 





Manually Set IJ to Add- 
ress of First Program Load 
Instruction. This Instruct- 
ion was Read in from Either 
Card OOAOor OOBO. Col- 
umns 6 - 9 of Card 0390 
Specify This Address. 
ROAR Reset to ROS Word 
1100. Set Switches ABCD 
to 1792 and Place Address 
Compare Switch In ROAR 
Stop Mode . Press START: 
Match Should Occur . 
Single-Cycle from Word 
1792 (CAS Logic Page 
QGOOl) and Determine 
Why Machine Did Not Go 
to 1032 or lOFF. If This 
Routine Works and the 
1402,1442, or 1729 Load 
Does Not Work, Check 
Card Load or Tape Load . 
IJ in Auxiliary Storage 
A - 90 thru 93 . These Loc- 
ations Should Specify the 
Address of the Card or Tape 
Load Instruction Read By 
CID Card OQAO and OOBO 



Reader/Validity Check 
Occurred While Reading 
CID . Check the Last 
Card in the Stacker for 
an Error 




This Can Occur Only if 
the Customer Has Mod- 
ified the CID as per TNL 
N 24- 0397. Check the 
1400 SRL (A24-3255) to 
Determine if it Is at This 
Level or a Later Level . 
Determine if the Change 
Has Been Made to the 
3-Card Hex Loader 




Place Address Compare 
Switch in ROAR Stop. 
Set 03FD in Switches 
ABCD and Re-IPL 




Set 030F In Switches 
ABCD and Press START 




CFIM, 99 Operation 
Code, Not Decoded Dur- 
ing 2030 l-Cycles 
Suspect: 



Missing Card In CID 
No. 37 or 0518 for 
Non 65K Machines 
No . 38 or 052E for 
65K Machines 
The Diagnose Instruct- 
ion Which Allows 1400 
Instructions was Not 
Executed Properly. See 
Note on CAS Page 
QA041 

Hex Loader Deck Pro- 
blem. Try New Loader 



Re-IPL Stopping on 03FD. 
Single Cycle to Find Why 
030F was Not Reached 



Rate Switch to Single- 
Cycle and Press START 
One Time 




Compatibility Mode Es- 
tablished. The Machine 
Should Not Switch Back 
to the 2030 Mode Unless 
Mode Switch Is Allowed 
to Occur on a Subsequent 
Operation . Check Bytes 
9C and 9D of Auxiliary 
Storage A for PMS Con- 
trol Bits . If These Bits 
Are Off, the W-Reglster 
3 Bit Should Never Be 
Turned Off with Normal 
Processing. Single Cycle 
and Determine Where and 
How W3 Is Being Reset 



1 


Unsuccessful Module Switch 


and/or Bad Branch. Check 


SALs Alternate A-BIt Tran- 


sfer to W-Register 3 Bit. 


The SALs A-FIeld Is Also 


Gated to W-Register 


Bits 4567 




Determine Why Wait 
Light Is On. Wait State 
(In Compat) Should Only 
Be On In Word 1 032 



The Remote-Restart Bit Is 
Set Only when Unit-Check 
Occurs During the Initial 
Selection Sequence Ent- 
ered While Attempting to 
Get to a 1403, 2540, 
1443, 2501, or 2520. This 
Unit Check Indicates That 
the Device Is Not Ready . 
After You Read the Device 
(Which May Require Load- 
ing Cards in a Reader/ 
Punch, Putting Paper In a 
Printer, or Adding a Car- 
rage Tape), the Micro Pro- 
gram, Which Is Looping 
at 1032 Waiting for Add- 
ress-In Will Re-attempt to 
Execute the Desired Read, 
Punch, or Print Operations 



The Remote-Restart Bit Is 
Not Being Reset After Be- 
ing Tested. This Bit Is Bit 
1 of Byte 9F In Auxiliary 
Storage A . The Reset Oc- 
curs (Logic Page QE691) 
In ROS Word 173C. If the 
Reset Is Occurring Prop- 
erly, Check when the Bit 
Is Being Turned on By SAR 
Stopping on 9F (Auxiliary 
Storage A) . Check FEMM 
Chapter 2 under Console 
Procedures for SAR Stop 
Procedures 




Check Device 



Chart D, Sheet 1 
YES 



Dial 1033 Into Switches 
ABCD, Set Address Comp- 
are Switch to ROAR Stop. 
Go to Device for Which 
Intervention was Required 
and Make the Device 
Not-Ready, then Make 
It Ready 



Machine Is Now 
Operational 




Either De'vice Did Not 
Send Address- In or Req- 
uest-In After the Device 
went from Not-Ready to 
Ready or Request- In was 
Not Recognized By the 
Processor . This Can Be 
Checked By Scoping MPX 
Request- In Signal (Page 
FA041). The Normal Seq- 
uence of Events Is: Req- 
uest-In to Cause Select- 
Out/Hold-Out to Be Pro- 
pogated . When the Device 
Recognizes Select-Out/ 
Hold-Out, the Device 
Should Send Address-In . 
The Micro Program Uses 
Address- In to Restart the 
Previously Attempted 
I/O Operations 



Place Address Compare 
Switch to Process and 
Rate Switch Single Cycle . 
Step through Desired Op- 
eration . ROS Word 1033 
Can Be Found on CAS 
Logic QE692 



Chart F, Sheet 2 



DT Chart F 1400 Compatibility Oriented (Sheet 1) 



Chart F, Sheet 1 
FB 




(a) Run the Applicable 
1400 Diagnostics 

(b) ROS Scan 

(c) Check Bump 



3F06 - PMS Test 
3F07 - 1402 
3F08 - 1402 PFR 
3F09 - 1402 Col Bin 
3F0C- 1403 
3F10- 1442 
3F13- 1443 
3F 1 6 - Tapes 
3F19- Files 
3F1C- Typewriter 



.^^''^Records or Wrong\. 


YES 






^^v^^^ Results ^^-^ 








ITno 


Suspect Hardware on 
DL031,le., Gate L-Reg- 
ister to M Bus 


Check 

1 . 1400 ROS Branching 

2. 1400 Mode Latch 

(DL031) 


, 1 , 

1 raJ 




Chart R, Sheet 1 



DT Chart F 1400 Compatibility Oriented (Sheet 2) 



On all stops at ROS address lOFF, a coded digit is displayed 
in the Main Storage Data Register. In the case of a set IC 
operation, the contents of the main storage location to which 
the instruction counter has been set are displayed. In the 
case of a sense switch operation, the resulting sense switch 
byte (98 of Aux. Stor. A) is displayed. In all other cases, 
the displayed digit has the significance shown in the R- 
Register Decode chart. 



In addition to the coded digits which are detailed below, 
the following 1400 addresses are available on a lOFF halt. 

(1) The decimal instruction address is displayed in the BA- 
registers. 

(2) The decimal A-storage-address register is displayed by 
theMSDR lights. 

(3) The decimal B-storage-address register is contained in 
the U-and V- registers and must be displayed manually. 



The hexadecimal equivalents of these storage-address reg- 
isters are also available and can be obtained by displaying 
the following Aux. Stor. A locations: 

(1) The hexadecimal 1400 instruction address in locations 
88 and 89. 

(2) The hexadecimal 1400 A-storage-address register in 
locations 8A and 8B. 

(3) The hexadecimal 1400 B-storage-address register in 
locations 8C and 8D. 

The S-register is sfored In byte 8F of Aux. Stor. A. If 
either S6 or S7 or both 36 and S7 equal 1 , the respective 
1400 storage-address register, A or B or both A and B, is 
displayed in hexadecimal rather than decimal form. A 1 
for S6 or S7 denotes an invalid address for addressing 
storage. No hexadecimal-decimal conversion is attempted 
on on invalid address. For example: M%U1500R; - the 
contents of the A-storage-address register (%U1) is con- 
sidered an invalid A-oddress. 



FC J Chart H, Sheet 1 



R-REGISTER DECODE CHART 



Digit Displayed 
In MSDR 



Reason For Halt 



Normal stop. Appears when the stop is caused by 
pressing the stop key, ending on instruction executed 
in instruction-step mode, or a match occurs in SAR 
Delayed-Stop mode. 

The program attempts to use an invalid 1400 B- 
oddress. 



The program attempted to use an invalid 1400 A- 
address . 

The program attempted to use an invalid 1400 opera- 
tion code. 



An Invalid I/O operation was attempted; either the 
unit selection or the unit number was invalid. 



A storage-wrap condition occurred when an address 
outside of the system capacity was used to address 
core storage. 



Storage protection occ 



An attempt was made to switch to 2030 mode without 
the PMS feature. May also be caused by erroneous 
Interrupts. 



An Invalid source or destination address was specified 
on one of the following special 2030 PMS instructions 

CFMT - OE R1,R2 - COMPAT FEAT MOVE TO 
CFMF - OF Rl , R2 - COMPAT FEAT MOVE FROM 
CFLT - OC R1,R2 - COMPAT FEAT LOAD TO 
CFLF - OD Rl ,R2 - COMPAT FE/4T LOAD FROM 

The microprogram attempted to convert to BCD an 
address that was less than the bias address. This 
occurred during execution of a clear-storage or store- 
address-register operation. 



Storage wrap low; the 2030 storage location 
than 1400 000 was addressed. 



The program attempted to index without advanced 
programming being defined by CID. 



The address displayed in the BA-reglster lights is the 
address of the next instruction character which has 
a word mark. Working back from this next Instruction, 
assemble the failing instruction and attempt to de- 
termine why the B-address was invalid. Use a pro- 
gram listing if one is available. Was the instruction 
read into storage Improperly? 

Same comments apply as for character 01 halt. 



The decimal address displayed in the BA-register 
lights is the address of the next character with a 
word mark. Working bock from this address, de- 
termine the failing op-code. From a program listing, 
attempt to determine what the op code should be. 
Also investigate for a misplaced word mark. 

Check the A-fleld of the previous op-code. The 
address of the previous op-code should be 7 less than 
the address displayed in the BA-lights. This halt 
identifies a problem with the hundreds and/or units 
position of the A-field. In the case of M%U1500R, 
the difficulty would be with the U or thF'l . 

Check the op-code to ensure that valid addresses ore 
being used. If these addresses are valid, check the 
storage size as defined in the CID. Cords 0320, 
0390, 0420, 0500, and the last card of the IBM 
Standard CID contain references to storage size. If 
these addresses ore invalid, attempt to determine 
what the address should be from a program listing. 

Check the Q-register. Bits through 3 should be 
either 0000 or equal to bits 4 thru 7. If these bits 
do not compare as Indicated above, check the pro- 
tection key In the lost loaded PSW. This key must 
be equal to Q-reglster bits 4 thru 7. If these two 
differ, coll for programming assistance. Check that 
the conditions specified by the last loaded PSW exist 
while the machine is operating in 1400 mode. If the 
key in the PSW Is 0000 or equal to bits 4 thru 7 of 
the Q-reglster and this halt occurs, a hardware mal- 
function has probably occurred. See Chart P-PE 
{Storage Protection). 

Check the PMS control bytes for proper definition. 
Bytes 9C and 9D of Aux. Storage A contain bits that 
define the program-mode-switch subfeature. If the 
feature is not Installed on the machine, these defi- 
nition bits must be zero. The bytes are 

9C 90 

Mode Sw On Inv I/O Ops 
Mode Sw On Console Ops 
Mode Sw On Printer Ops 
Mode Sw On Inv Ops Mode Sw On Rdr/Pch Ops 



Mode Sw On Holts 



Mode Sw On Tape Ops 
Mode Sw On File Ops 



Mode Sw On Error Stops 



Also check if an erroneous Interrupt is forcing a branch 
to word 1102 (CAS logic pageQE601). ROAR stop- 
ping on this word and displaying the F-reglster Indi- 
cates what type of interrupt has occurred. Note: All 
bits of the F-reg are normally on. Bit being off 
Indicates a timer interrupt has occurred. Bit 1 off 
Indicates a console interrupt. Bits 2-7 indicate that 
an external interrupt has occurred. 

The third byte of the source and or destination ad- 
dress is non-zero. The next Basic 2030 instruction 
should be stored In Basic 2030 LS A9 and AA. Work- 
ing bock from that address, check the specified reg- 
isters to determine why the addresses ore invalid. 



This situation usually appears when the execution of 
on operation Is attempted where the A- and/or B- 
fields are obtained from the backup locations; for 
example, M H aaa . When execution of the Move 
operation is attempted, the A- and B-addresses ore 
fetched from LT and UV backup locations. These 
addresses are in hexadecimal format. When the 
clear-or store-star operation is attempted, these 
addresses are converted to BCD. If the address is 
less than the bios, the OA-holt occurs. When the 
PMS feature is installed, the programmer can alter 
these locations. Therefore, checking the 2030 op- 
code which con access these locations may poinr to 
the error. These op-codes are of the SI format: 



99 WliW2 BllDl 



The BA-register may be invalid at this halt, ie.. It 
may not contain the decimal address of the next 
instruction. If this Is the case, repeat the job and 
ROAR stop on word 1002. When a match occurs, the 
next Instruction address may be obtained by display- 
ing bytes 83 and 84 of Aux. Storage A. Working back 
from this instruction, determine the failing operation. 
Suspect misplaced wordmarks. 

Check bit 1 of byte 9C in Aux. Storage A. This 
bit should equal 1 . Card 0390 of the standard CID 
contains this definition. 



Digit Displayed 
In MS^R 



Reason For Halt 



Some device other than the 1050 attempted to take a 
multiplexor-channel data-cycle while preparing to 
enter the 1050 data loop. 



A word mark was missing from the 1400 op-code du 
ing l-Cycles. 



A wrong address was sent back from the channel 
during initial selection of a tope operation. 



GMWM In first position of tope write field. 



A word mark was detected in the A-address of an I/O 
instruction, for example: 

M%U1500R 



A 2540 or 2501 reader error, a 2520 PFR . 
invalid character has occurred. 



An 8F character was detected at an address other 
than the bias address while in 1400 mode. For a 
65K machine, this may indicate a 1400 high-wrap 
condition because 256 8F characters are placed 
between the upper limits of 1400 storage and the 
highest core address. 



Invalid channel status was detected following < 
tape-read operation {Selector Channel only). 



1442 Reader or Punch intervention required. 



While wciiting for TREQ to come up, another device 
sent its address in an attempt to take a data cycle. 
CAS logic page QG121 , ROS word 1944 detects 
the Address-In signal. This routine is normally used 
to stock any outstanding status so that the channel 
is free to operate with the 1050. Check to ensure 
that this data-transfer request is not from a device 
which was initiated in Basic 2030 mode prior to a 
mode switch to 1400 mode. This is defined as an 
invalid operation in the PMS portion of the IBM 
System/360 Model 30 1401/1440/1460 Compatibility 
Feature Systems Reference Libary. If the operation 
was initiated in 1400 mode, a hardware problem 
probably exists with the device whose address was 
sent in. Also check that the proper signals are re- 
ceived by the device which was forced to stack its 
status. 

Usually occurs when a branch is made to a location 
not containing a word mark. The decimal BA- 
address points 1 beyond this location. There is no 
easy method to determine the branch from address. 
Several steps which may be taken in order to further 
define the problem include: 

(1) SAR stopping on the location to which the branch 
has occurred to determine how It is changed dur- 
ing program initialization and execution. 

(2) Determine the operation when the failure occurs 
(perhaps through observing an l,/0 operation 
prior to the failure) and then operating In In- 
struction mode to pinpoint the falling instruction. 

Restart the operation. If tapes are on the multi- 
plexor channel, ROAR stop on address lAAO (CAS 
logic page QG761 ). The desired unit address can 
be found in the D-register. Execute the next micro 
word 1AA4; this sends Address-Out. Check the TCU 
to determine that the proper address was received. 
Place rate switch to process mode and early ROAR 
stop on word 1A93. If entry to 1A93 is via 1A92, 
Address-In came up. This address may be deter- 
mined by displaying Fl. If this address is different 
than the contents of the D-Register, a TCU problem 
probably exists. If entry to 1A93 is via 1A41, an 
invalid channel condition exists; for example; Op- 
in and Select-ln up simultaneously. If an address- 
mismatch condition does not exist at this time, 
single-cycle through the next several words to ensure 
that the proper address-compare branch takes place 
in word lA98or 1A99. 

If tapes are on o selector channel. ROAR stop on 
word 1A94 (CAS logic pageQH021). The desired 
unit address can be found In the MSDR. This ad- 
dress is sent out to the TCU with the execution of 
ROS word 1A97. In word lAAO the address sent 
from the channel is compared to the address sent 
out. The address-compare branch takes place In 
word 1 AA2 . 

A tape write command was issued. The first char- 
acter to be written was a GMWM, which terminated 
the operation. Check the first data location to de- 
termine if there actually was a GMWM In this po- 
sition. The decimal address in UV at this halt points 
1 beyond the GMWM location. The B-field of the 
previous op-code points at the first data location. 
Determine how this GMWM was inserted in this field. 
Suspect tope drive failure or invalid programming. If 
the same situation were to occur on a 1400 system, 
the tape drive would have 'run away'. Check that 
this is not a delibertate operation by the customer. 



SAR stops on the main storage location containing 
the erroneous word mark. Determine when and why 
It is being set. Remember when SAR-stoppirg in 
compatibility mode, the hexadecimal Basic 2030 
main storage address must be used rather than the 
1400 decimal address. This can be obtained by per- 
forming a set IC operation to the decimol address 
and reading the hexadecimal address in the MN- 
register lights. 

Check the read-in area (001-080); any invalid 
characters have been replaced by a blank. Check 
the lost card in the stacker for on error. If no 
invalid character has occurred, then unit check has 
been sent with the channel-end status from the 
reader; this means that on equipment-check condi- 
tion, such as a hole-count error, has been detected. 

Detecting this character while in 1400 mode forces 
a microprogram trap to ROS word 1002. The dis- 
plays at WX = lOFF cannot be guaranteed with this 
holt. In order to determine the location of the 8F 
character, check the BA-address and determine If 
It contains a valid address. Is there a word mark 
in the BA-address location? If BA contains a valid 
instruction address, determine what the failing op- 
code was; this may define the storage areas where 
the 8F was detected. Also check the A and B stars; 
these may point directly at the BF character or 1 
position on either side of it. If these methods fail, 
ROAR stop on word 1002. When a match occurs, 
the failing location is displayed In the MN lights 
in hexadecimal form and the previous instruction 
address is in bytes 88 and 89 of Aux. Storage A 
(in hexadecimal). Once the failing address is known, 
SAR stopping on this should point out how the 8F 
was generated. It may occur as a result of a disk- 
out-of-sync condition or it may be read in via a 
Basic 2030 prepared tope where 8F is a valid char- 
acter . 

ROS word 1A30 gates the GJ-assembler containing 
the channel status on to the Z-bus. The following 
word branches on Z = 0; It Z Is non-zero, this holt 
occurs. The bit configuration of GJ at word 1A30 

- Program controlled interruption 

1 - Incorrect length 

2 - Program check 

3 - Protection check 

4 - Channel data check 

5 - Channel control check 

6 - Interface control check 

7 - Chaining check 

If this halt occurs while operating in 1400 mode, 
a channel hardware problem probably exists. Check 
the selector channel chart. Chart S at SA. 

This stop indicates that a Not Ready condition exists 
at the 1442. This condition usually results from: 

(1) on empty hopper 

(2) a full stacker, or 

(3) an open cover. 
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Digit Displayed 
In MSDR 



Reason For Halt 



The program attempted to perform an I/O operation on 
a device for which the compatibility feature is not 
installed. 



A device-end signal was received before a GMWM 
was encountered on a tape-write operation. This halt 
can occur on both selector and multiplexor channels. 



A 1400 start reset function was performed. 

For tapes on the selector channel, this stop means 
that Status- In and Service- in came up at the same 
time during a tape-write operation. 

For tapes on the multiplexor channel, this stop means 
that the TCU disconnected during a tape-write 
operation . 



The program has issued a stacker-select command to a 
2540 more than 6 ms after the previous cord-read 
instruction was issued. 



If this halt is used in conjunction with the 1403/2540 
or 2501/2520/1403, it means either that there was no 
address compare (Address- In was not the same as 
Address-Out) or that a punch-transfer error occurred. 



When this halt occurs on a machine that has the 1442/ 
1443 compatibility subfeoture installed, one of the 
following situations has occurred; 

(1) A no-compare condition exists between Address- 
Out and Address- In. 

(2) A data-transfer error has occurred during a printer 
operation. 

(3) The print field was not terminated by a GMWM. 



For tapes on the selector channel, this stop means that 
Status-ln and Service- In come up simultaneously on a 
read-move operation . 



. the 



At 



Tape-unit intervention is required for tapes on the 
multiplexor channel or on the selector channel, 
this halt, IJ has been decremented to the op just 
attempted. BA points to this decimal address. Press 
ing START allows the operation to be tried again. 



The program has attempted to use on invalid d-modifier 
on 1 442/1 443 operation . 



Operational- In disconnect on 2540 or 2501 reader. 



Working back from the BA-address, determine what 
the invalid operation is, for example, M%Y1201 W 
for a machine with 1402/1403 subfeoture. If this 
occurs while running a diagnostic test, check the 
TAD(s) to determine that the proper types of I/O 

devices are described. If this occurs while loading 
CID, the IJ backup locations that point to the first 
1400 instruction may be erroneously set. Columns 
28 and 29 of card 0380 specify the Basic 2030 main 
storoge locations from which the first 1400 instruction 
Is read. This instruction is contained on card OOAO 
or OOBO of the CID and is loaded into the 2030 main 
storage . 

If the halt occurs while attempting a 1729, 1402, 
or 1442 load, the card-load or tape-load IJ address 
specified in bytes 90 through 93 of Aux, Storage A 
may be erroneously set. These locations are used to 
set I J when 1729, 1402, or 1442 load is attempted. 
These locations should contain the addresses of a 
cord-read or tape-read Instruction located in Basic 
2030 storage , These addresses are loaded from cord 
0390 and are contained in columns 6, 7, 8, and 9 
for card food and 11, 12, 13, and 14 for tape load. 

This is probably a tape-drive or control-unit problem. 
If topes are on a selector channel, refer to CAS 
logic page QH071 , Word 1763 branches on Status- 
ln and Service-In. If Status-ln occurs before the 
group-mark word-mark, which normally terminates 
the operation, this error holt occurs. 

If tapes are on the multiplexor channel, refer to 
CAS logic page QG791 . Word 1A40 or 19C4 
branches on Status-ln and Service-In. 

Do not attempt to ROAR stop on a word containing 
the Status-ln, Service-In branch; these are part of 
the data loop and cause overrun conditions, etc., 
when the match occurs. 



This Is probably a TCU problem. CAS logic page 
QFi071 contains the word where the branch is mode. 



This is probably a hardware problem, ROS word 
1A40 or 19C4 (CAS logic page QG791) contains 
the branching conditions which detects this failure. 
Taking the 1 , 1 branch does not mean that Status-ln 
and Service-In came up simultaneously, but rather 
that Op-ln dropped. Check the applicable hardware 
on ALD pages FA092 and FA041 . Also refer 
to Chart D at DA. 

Check the program to determine if a lengthy I/O 
op was issued between the Read command and the 
stacker select. Also check the 2821 to ensure that 
the attention bit is sent to the processor during the 
6 ms provisional feed time. 

Early ROAR stop on word 1892. If the previous 
address displayed is 181B, a punch-transfer error 
has occurred; that Is, on error occurred while filling 
the punch buffer. It can either be a Bus-Out check 
or an error internal to the punch which would result 
in bod parity data being transferred into the buffer. 
If the previous address was either 1896 or 1897, a 
no-compare condition exists between Address-Out 
and Address-in. This is probably a hardware problem 
in either the channel or the device. Check that the 
proper address was sent out and received by the 
device. Address-Out is sent during the execution 
of word 1801 (CAS logic page QG531). Also check 
the address sent in to verify the comparison and 
branch executed by the microprogram. The address 
compare is mode in ROS word 1898 (CAS logic page 
QG531) and the branch is mode in the following 
word. 

Repeat the operation and ROAR stop on ROS address 
1 88A (CAS logic page Q G261 ) . If a match occurs, 
Address-In does not match Address-Out. The ad- 
dress sent out Is contained In R-Register in its crossed 
form at this point. The address sent in can be dis- 
played in Fl. This is probably an I/O hardware 
problem. Check that Address-Out is properly re- 
ceived and decoded by the device; Address-Out Is 
sent in word 1821 (CAS logic page QG31 1) and the 
address comparison Is mode In ROS word 1887 (CAS 
logic page QG301). 

If o match does not occur, there has been an error 
during data transmission, a unit check has occurred 
at channel end. This is probably either a Bus-Out 
error or a device error associated with receiving the 
data. This stop Is set up on CAS logic page QG351 
word 1842. Also, check If a GMWM (OF Hex) is 
In the print field; the absence of this character can 
also result in a unit check at channel end. 

This is probably a TCU problem. CAS logic page 
QH081 contains the word where the branch takes 
place. 

Unit check Is in the status response to Command-Out 
during initial selection. Check that the TCU is on- 
line, that the desired tape drive Is ready, that Aux. 
Storage properly defines the drives and control unit. 
(See the description for the 92 holt for proper defi- 
nition), that a write operation Is not being attempted 
on a file-protected drive. 

Check the program residing In core storage to de- 
termine if the d-modifler is actually valid. If it Is 
invalid, attempt to determine how it was introduced 
into the instruction stream. If it Is valid, check the 
microprogram decode. The stop code is set In ROS 
words 1816, 188Band 1893 (CAS logic pageQG261). 

Op-In dropped during a reod operation. This is 
probably a hardware problem. ROS word 18CD 
(CAS logic page QG561) contains the branching 
conditions which detects this failure. Taking the 
1,1 branch does not mean that Status-ln and Service- 
In came up simultaneously, but rather that Op-ln 
dropped. Check the applicable hardware on ALD 
pages FA092 and FA041 . Also refer to Chart D 
at DA. 



Digit Displayed 
In MSDR 



Reason For Holt 



A tope error occurred on a tape initial program load. 



An Operational-ln disconnect occurred during a 1403 
print operation. 



There was no GMWM in storage to terminate a 1442 
read operation. 



Invalid selector-channel status was received on a 1400 
branch-if-tope-error instruction . 



An Operational-ln disconnect occurred during a 2520 
or 2540 punch command. 



A printer error on a print operation or a 1442 error 
a read or punch operation has been detected. 



A unit check is contained In the read ending-status 
of a 1729 tape load. This end status can be located 
by displaying Fl after executing word 1A46 (CAS 
logic page QG802) when the tapes ore on the multi- 
plexor channel . When the tapes are on the selector 
channel, this ending status is displayed in GR fol- 
lowing the execution of word 19D5 (CAS logic page 
QH081). 

When performing a tape IPL (1729 in switches 
FGHJ— Press SYSTEM RESET - ROAR RESET - START), 
the machine Is forced to ROS word 1729 (CAS logic 
page QE521). This routine loads IJ-backup with the 
contents of tape-load-IJ (bytes 92 and 93 of Aux. 
Stor A). The instruction located at the address 
specified by tope-load-IJ is L%U1001R__ and Is 
read into the machine from card OOAO of the CID. 

After performing a start-reset function, the micro- 
program IJ-backup Is loaded into IJ, and l-cycles 
are entered. After completing the read, I J Is forced 
to 1400 storage location 001 and processing of the 
data just read begins. Check that this Is done cor- 
rectly if the 92 halt occurs. Also check that the 
proper drive assignments hove been mode. Byte 81 
of Aux. Stor, A must properly define the Basic 2030 
drive containing the initial program: 

Bits and 1 

00 - 7-track.a)200bpi 

01 -7-track@556bpi 

10 - 7-track @ 800 bpi 

1 1 - 9-track 

Bits 2 and 3 should be zeros. 

Bits 4-7 contain the Basic 2030 drive number which 
is to be assigned as 1400 drive *1 . Bits 4 - 7 of 
Byte 80 of Aux. Stor. A contains the TCU address. 
In addition, bytes 97 and BB of Aux. Stor. A contain 
7- or 9-track status Information and must be initial- 
ized as follows: Bit of each byte has 7- or 9-track 
status for tape unit 0; bit 1 of both bytes Is used for 
this status for tape unit 1, etc. If a bit of the first 
byte (position 97) Is set to 1, the associated tope 
unit is equipped with 9-track read/write facilities. 
The unit Is a 7-track drive if the associated bit in 
position 97 Is set to 0, If the corresponding bit of 
the second byte (position BB) is set to 1 , the associ- 
ated tape unit is a 9-track phase-encoded drive with 
density set at 1600 bpi. If this bit is set to 0, the 
associated tope unit has o density setting of 800 bpi 
and is either a 7-track or 9-track unit. 

Op-in dropped during the data-transfer portion of 
a print operation. This is probably o hardware prob- 
lem. ROS word IBBC (CAS logic page QG551) con- 
tains the branching conditions which detects this 
failure. Taking the 1,1 branch does not mean that 
Status-ln and Service-In come up simultaneously, 
but rather that Op-ln dropped. Check the applicable 
hardware on ALD pages FA092 and FA041 . Also 
refer to Chart D at DA. 

On a 1442 read.operotion, a GMWM (OF hex) is re- 
quired to terminate the operation. Manually check 
the read-in area for this character; if there is o 
GMWM in read-in area, this is probably a hard- 
ware problem with the GMWM detection latch (ALD 
page MB031). If this halt occurs after mode 
switching from Basic 2030 mode to 1400 mode during 
initialization, check CID cord 0384, columns 28 and 
29 and cord 0390, columns 8 and 9. These columns 
should each contain AD. Also check card 37, For 
non-65K mach, columns 18 and 19 should be 09, 
For. 65 K machines, check cord 38, columns 18 and 
19. These should also contain 09. These cords 
cause a GMWM to be inserted in storage location 
0082 of 1400 storage when compatibility mode Is 
initialized via the 99 op code. 

Non-zero channel status was sent bock from the 
channel on o TIO; Word 1A12 gates channel status 
on to the Z-bus (QHlll). This is probably a channel 
hardware problem. Also check that the proper com- 
mand was sent to the channel . Command-Out Is 
sent during the execution of word 1 AA4 (CAS logic 
pageQH021). 

The command byte sent should be 00. Word 1 AA9 
(CAS logic page QH021) should reset GR prior to 
Issuing Command-Out In word 1AA4. Check the 
selector channel chart (Chart S at SA) for addi- 
tional assistance. 

Op-in dropped during the data-transfer portion of a 
punch operation. This is probably a hardware prob- 
lem. ROS word 1820 (CAS logic page QG521 ) con- 
tains the branching conditions which detects this 
failure. Taking the 1,1 branch does not mean that 
Status-ln and Service-In came up simultaneously, 
but rather that Op-ln dropped. Check the applicable 
hardware on ALD pages FA092 and FA041 . Also 
refer to Chart D at DA. 

If on a read command, this signifies either an equip- 
ment check or an invalid card code. For the punch 
command, this halt identifies an equipment-check 
condition. ROAR stopping on word 1877 (CAS logic 
page QG281) allows displaying the sense byte in the 
G-register. The sense byte makeup is: 

- Command reject 

1 - Not ready 

2 - Bus-Out check 

3 - Equip check 

(a) reader check 

(b) punch check 

(c) invalid card code punched 

(d) data error at channel end 

4 - Data Check - invalid cord code on read 

5 - Overrun check 

if performing a print operation, the sense byte may 
be displayed In the G-register by ROAR stopping on 
word 1876 (CAS logic page QG361). The sense byte 
content Is: 

- Command reject 

1 - Intervention required — printer not ready because 

forms check, stop key, or carriage-stop key 
pressed , or cover interlock open. 

2 - Bus-Out parity check 

3 - Equipment check 

4 and 5 - Typebar selection 

6 - Channel 9 

7 - Channel 12 

If a 1403 is operated with the 1443 microprograms, 
the sense byte is: 

- Command Reject 

1 - Intervention Required — Not Ready 

2 - Bus-out Parity Check 

3 - Equipment Check — Parity Error in CU or device 

4 - Data Check 

5 - Not Used 

6 - Channel 9 

7 - Channel 12 
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Digit Displayed 


Reason For Halt 


Comments 


In MSDR 






B2 


Status-ln and Service-In occurred simultaneously on a 


ROS word 1 A63 (CAS logic page QH091) has this 




1400 read-load operation, for example: 


branch. Both Status-ln and Service- In up at the 




L%UXBBBR 


same time probably indicates a channel or device 




This halt is valid only when tapes are on the selector 


hardware problem. Also check the set and reset of 




channel . 


S4 and S5. These are the status indicators on which 
the branch is made. Use the selector channel chart 
(Chart S at SA) for checking the channel . 


c? 


Operational- In disconnect on a multiplexor channel 


Op-in dropped on a tape-read operation. For a read- 




tape-read operation . 


move operation, the branch Is found on CAS logic 
page QG801; for a read-load operation (page QG802). 
This is probably a channel or device hardware prob- 
lem. Also check the Status-ln and Service-In branches. 
Taking the 1,1 branch does not mean that Status-ln 
and Service-In came up simultaneously, but rather 
that Op-ln dropped. Check the applicable hard- 
ware on ALD pages FA092 and FA041 . Also 
refer to Chart D at DA. 


CE 


This halt indicates that a premature data disconnect 


The following conditions have occurred when this 




occurred on a read operation. Pressing the start key 


halt Is reached: 




causes processing at the next sequential instruction 


(1) Unit check in read end-status. 




but loses the record just read. To re-read, the oper- 


(2) 12 or fewer characters have been transferred into 




ator must set the instruction counter to the address of 


storage. 




a backspace-re-read routine. 


(3) The noise bit has been set in the TCU and has 
been recognized as bit of the 2nd sense byte 
sent from the TCU. The noise bit being turned 
on implies that after the data-disconnect addi- 
tional bits were found before the IRG was de- 
tected. Tape movement was continued until an 
IRG was recognized. Therefore, the data en- 
countered after data transfer was halted has been 
skipped over. 

This halt generally indicates a problem with the tape 
drives. Check the following: 

(1) IRG 

(2) Start/Stop adiustment 

(3) Dirty idlers/prolays 

(4) Ungrounded or improperly grounded drives. 


CF 


1050 Intervention Is required. 


Check for an out-of-paper, power-off, or off-line 
condition. Bit 5 of the 1050 tags Indicates this 
intervention-required condition . These tags are 
gated to the G-reglster In ROS word 1946 (CAS 
logic page QG121). Branch on G5 to check for the 
intervention-required condition (CAS logic page 
QG141 word 197A). 


D2 


A microprogram initiated sense operation was pre- 


This is probably a hardware problem. ROS word 1A8D 




maturely ended. This halt can only occur If tapes 


(CAS logic page QG781) contains the branching 




are on the multiplexor channel. 


conditions which detects this failure. Taking the 
1, 1 branch does not mean that Status-ln and Service- 
In came up simultaneously, but rather that Op-ln 
dropped. Check the applicable hardware on ALD 
pages FA092 and FA04I . Also refer to Chart D 
at DA. 


E2 


Operational- In disconnected on a microprogram- 


ROS word 1A6C (CAS page QG781) contains the 




initiated mode-set operation with tapes on the multi- 


Status-ln and Service-In branches for the track in- 




plexor channel. This mode-set command Is issued in 


error mode-set command. If Op-ln drops, this 




order to send the track-In-error byte previously stored 


error halt occurs. This is probably a channel or 




to the TCU. 


device hardware problem. Taking the 1,1 branch 
does not mean that Status-ln and Service-In came 
up simultaneously, but rather that Op-ln dropped. 
Check the applicable hardware on ALD pages FA092 
and FA041 . Also refer to Chart D at DA. 


FO 


A 1400 halt Instruction has been properly executed. 


Not an error holt . 


Fl 


A 1400 halt Instruction with an invalid B-address has 
been successfully executed. 


Not an error halt . 


F2 


A 1400 halt instruction with an invalid A-address has 
been successfully executed. 


Not an error halt. 


F3 


A 1400 halt instruction with an Invalid A- and B- 
address has been successfully executed. 


Not an error halt. 


FF 


A 1400 halt-and-branch instruction has been properly 
executed. 


Not an error holt. 



Digit Displayed 
In MSDR 



Reason For Halt 



Read-back check stop. A disk write instruction was 
followed by a disk instruction other than a read-back 
check. 



Channel-end or device-end not received during 
ending status. 



Wrong address sent back from the channel during 
initial selection. 



Unit-check status response to seek command, following 
address transfer . 



Operational Interlock 



Module overflow detected. The disk module value In 
Aux. Storage B BOll, 2, 3, 4, or 5 is different from 
the module value specified by the disk control field 

of the disk instruction. 



If the I/O stop was caused by operator intervention, 
press SYSTEM RESET to clear the read-back check 
interlock, set IC to the beginning of the write oper- 
ation, and press START to continue processing . If 
the I/O stop is caused by programming — a write 
disk without a subsequent read-back check — the 
program is invalid and should be corrected. 

This condition is tested for on QH381, location J3. 
At this time, a 2030 disk command should have been 
completed, and ending status posted by the file 
control unit. Ending status was detected at location 
Jl on QH381 . The last 2030 disk command issued 
can be read from the B Aux. Storage XX BE. 

To recreate the 1400 disk ofieration that led to 
this coded stop, find the address of the next se- 
quential instruction displayed In the B-star and 
A-star registers. The beginning of the disk instruc- 
tion is this address minus 8. It is necessary to set 
up the disk control field correctly each time before 
executing the 1400 disk operation. 

To set up the disk control field prior to executing 
the operation, a disk control field can be moved Into 
its working location with a move data or load data 
op-code. 

Note: If the disk operation is a multi-sector oper- 
ation, a microprogram stop at the J3 location (QH381) 
causes time disorientation. It Is necessary to reset 
and restart at the beginning of the disk operation. 

This stop is probably caused by a hardware malfunction 
in the multiplexor channel bus cabling or associated 
hardware . 

A test I/O instruction to the 2311 in question can 
be used to determine if the problem exists in Basic 
2030 mode. 

The 2841 file control unit hardware that receives 
the Address-Out from the processor Is located on 
page GA071 (2841 ALD Page) . The 2841 FCU 
Initial selection microprogram is on QBOIO. During 
initial selection, the microprogram moves from 
location E2 to A6, where Address-In is raised. It 
Is possible to single-step both the processor and the 
2841 microprograms through the initial selection 
sequence. 

The disk compatibility initial selection micro- 
program is on page QH341 (2030 CLD Page), 
locations G5 through L8. 

This stop happens if the seek address sent to the file 
control unit Is outside the range of addresses accept- 
able to the FCU. 

The address-transfer portion of a full seek is de- 
coded to binary and stored In the B-auxIliary storage 
in addresses XXAD, E, F, and XXBO. The bytes 
stored in these locations for a seek operation are 
the CCHH values. The highest legitimate value 
that can be stored, is hex 00 CB 00 09, which 
represents cylinder 203, head 9. 

If for any reason, a previous read operation placed 
non-zero values In addresses XXAD or XXAF, which 
were not removed by a built-in microprogram house- 
keeping program, the seek check can be removed, 
OS an interim measure, by manually performing the 
following steps: 

(1) Note the B-and A-reg display of the 1400 
program next address. 

(2) Press SYSTEM RESET to clear 2841 microprogram 
notation. 

(3) Set the processor to 1400 mode. 

(4) Set IC fo l-next minus 8. 

(5) Press START to retry the seek operation. 

This type of stop has been eliminated for all known 
cases used by customer programs. 

This stop occurs when the control unit is disconnected 
from the processor, and the processor microprogram 
is at a microaddress, where It should be only when 
the two boxes are logically connected. The pro- 
cessor disk-compatibility microprogram can exit to 
the 50 stop from several places. This exit is taken 
whenever the processor microprogram is at a 4-way 
branch, waiting for service-in or status-in. If the 
control unit is disconnected, the 11 branch Is taken 
to the 50-coded stop. 

During the execution of disk operations, the 
file control unit should stay connected until the 
operation is completed. The most probable time at 
which this stop con occur is when the disk compat- 
ibility feature is updated and a wrong EC level or 
incorrect CCROSS card Is Inserted. A wrong next- 
address in a microprogram block can put the micro- 
program into one of the 4-way branch blocks that 
leads to a 50-coded stop. 

It might be possible to correct this condition rap- 
Idly by checking the EC level and version of CCROSS 
cards Installed during change activity. Another 
approach is to use EARLY ROAR STOP on the pro- 
cessor, and work back to the wrong CCROSS card. 
This approach is based on the assumption that 2030 
disk diagnostics had run successfully, and that the 
file control unit Is working correctly. Disk compat- 
ibility CCROSS cards are from location 79-0 to 84-7. 

(Limited Usage). Change disk packs, if program 
depends upon module overflow to indicate pack 
replacement. All others: Set BOlO Aux. Storage B 

to 40 hex. Set IC to 1400 displayed address -8, 
press console START to continue. In the IBM 
System/360, Mod 30 1401/1440/1460, Compatibility 
Feoture Manual , Form No. A2 4-3255, see Appendix 
F cord 410 - Disk File Functions , to determine 
whether this stop can be disabled for customer ap- 
plication. See Appendix D, Storage B Byte 10 
Bit 1 on Module-Overflow Detection usage. Most 
users can disable this stop, and must disable this 
stop if they use labels on drives other than drive 0. 



DT Chart F 1400 Compatibility Oriented (Sheet 5) 



Chart 1, Sheet 2 
Chart W, Sheet 1 



Assumptions: 

1 . Lamp Test OK 

2. RATE and ADDR 
Compare Switches 
Were in Process When 
Condition Occurred 

3. No Console Red Lights 

4. Stop Key Not Pressed 



Check for: 
Diagnostic Test 
IPL Oriented or 
Wait State 



Switches 

1 . ROS CTRL 

2. RATE 

3 . ADDR Compare 

4. Checi< Control 



Place All Switches in 
Process and Observe the 
Test Light Located on 
Lower Right of Console 




Stopped While Running 
a Micro Diagnostic Test. 
Use Stop Word Analysis 
Chart of Associated Test 



Diagnostic Latch Is On. 
Check it if Not IPL, 
System Reset-Start, or 
Running a Diagnostic 
Test 




Chart I, Sheet 1 
Chart B, Sheet 1 



Suspect: 
A Floating Line from 
Address Compare Rotary 
Switch. A Clue; the WX 
or MN Address Equals the 
Content of the A, B, C, 
D Address Compares 
Switches. ALD KM051 




Suspect; 

1 . Bad Osc . KCOl 1 

2. Bad Clock Circuit 

3. Clock Stop Controls 

4. Console Switches and 
Manual Controls 




Using WX Address Refer 
to Chart J for CF Stops 



Use Module Assignment 
i Charts (Vol 24) QZ Pages 



Use That Chart for Hints 
and Direction 



Locate Micro Word in 
CLD Logics 




JA 
Chart J Sheet 1 



Invalid CF Stop Field 

Suspect: 

1 . Wrong CCROS Doc- 
ument Card 

2. CCROS Addressing or 
Readout Failure 



Use ROS Control Field 
Chart (Vol 20) QAOOO 



Check Entire SALs and 
Control Register Fields 
Against the CLD 



Does the Micro Word Dis- 
I played Have Only Parity 
I Bits Plus a CF Bit? 



SYS R5T and Re-Display 
This Word 




Suspect: 

1 . Bad CN Field in Prev- 

ious Word 

2 . Double Error on CCROS 

Readout or CPU Next 
Address Generation 
Failure 



Suspect: 

1 . You Used Wrong Ver- 
sion Chart QZ Pages 
(Vol 24) 

2. Wrong Document Cord 
in This Location 



Set Address Compare 
Switch to Early ROAR 
Stop . Set ABCD Switch 
to WX Address of the 
Error 



Chart HI 



Determine Last Initiated 
Instruction and Set IC 
Back to That Address and 
Press START (or Restart 
the Original Job 



When Match Occurs, Re- 
display This WX Address 
with RATE Switch in Sing- 
le Cycle 




CCROS 
Volt Chk 



Chart C, Sheet 



Remove CCROS Document 
Card and Inspect 



1 (Cols) 


(Description) 


1-2 


Board 


1 ^ 


Cord Location 


1 ^'^ 


Part Number 


1 8- 10 


EC Number 




' 1 


Invalid Condition; 


One 1 


of These Must Be On: | 


1 . Wait 


ALD 


PB041 


2. Manual 


ALD 


PB091 


3. System 


ALD 


PBlOl 



Suspect: 

1 . CPU Meter Unplugged 

2 . Line from Console 

Switch Open 
3. Diagnostic Latch On 



Suspect: 

1 . Selector Channel 

Blocking Clock 
2. Basic Data Flow Gat- 




Rate Switch to Inst. Step 




HB 
Chart H Sheet 1 



DT Chart H Hang Dps, Loops, and Stops (Sheet 1) 



Chart H, Sheet 1 



ra 



Single Word Micro Pro- 
■gram Loop 




Rate Switch to 
Single -Cycle 




Multiple Word Micro 
Program Loop 



Log in Console - Use 
Image Sheet if Available 



Press START 




Locate WX Word in CLD 
Logics 



Use Module Assignment 
, Charts (Vol 24) QZ Pages 




! Does CLD Show That 
This Word Can Loop On 
Itself? 



NO 



Read All General Com- 
ments at Top and Bottom 
of CLD, Under the Loop- 
ing Word, and Each Pre- 
ceding Block 



Suspect: 

1 . Wrong Document 
Card in CCROS, 
Check Version 

2.CH, CL, or CN 
Fields Punched 
Wrong or Decoded 
Wrong in CPU 



jWai ting for an Interface 
iTag in Compatibility Mode 




Suspect: 

1 . Interface (RCVRS and 
Terminators) 

2. Channel or Control 
Unit 

3 . I/O Cable 



Suspect: 

1 . CPU Status Set or Reset 
Failure 

2. Wrong CCROS Docu- 
ment Card, Match 
SALs and Control Reg- 
ister Fields Against 
CLD 



Chart HI 



Determine What Instruct- 
ion Code Is Being Per- 
formed when Failure Oc- 
curred 



Chart HI 



Determine What Instruct- 
ion Code Is Being Per- 
formed when Failure Oc- 
curred 



Try Any or All: 

1 . Statically Scope Inter- 
face Line from CPU to 
Control Unit 

2 . Repop Micro I/O Test 
3344 (VoUl) to I/O 
Unit 

3. BFF Basic Test 3345 

4. Multiplexor Micro 
Diagnostic or Selector 
Channel FLT 

5. 2030 Macro Diagnos- 
tics to I/O Unit 



Run in- This Order 

Resident 

Basic Test(BFF) 3345 Vol 41 

Repop 

Priority Controls 3347 Vol 41 



' Assumptions: 

1 . Console Logged 
, 2. Manual Light On 



Locate the Last Logged 
WX Address in the CLD 
Logics 



' Use Module Assign Charts 
JQZ Pages 
(Vol 24) 



Read All General Com- 
ments at the Top and Bot- 
tom of the CLD as Well as 
Under the Micro Word 



Press START 

Log in WX 

Read and Analyze 

Micro Word Comments 

and Functions 

Look for Possible Exits 

from This Loop 



I For Aid in Diagnosis Use 
I the CLF Flow Charts in 
I the 2030 FEMDM (Vol 32) 



Continue the above 4 
Steps until a Significant 
Portion or the Complete 
Loop Is Logged 



Check to See if You Are 
Taking a Continual Trap 
or Interrupt By ROAR 
Stopping on Each Trap WX 
Address 



I Refer to Traps in Priority 
I Order In the 2030 CE 
I Hand Book . If Passing 
I Through ROS ADDR 0147 
I This Is a Program Int- 
I errupt Probably Caused 
I By IPL to a Non-Ready 

Device, to a Device 
I Which Does Not Send 
I Any Data, or Sends Bad 

Data In First Cord 




Suspect: 

1 . 1401 Compatibility, 
Control Unit Contin- 
ually Answering Busy 
to Initial Selection 

2. Suppress Out Not Func- 
tioning or Control Unit 
Not Stacking Status 

3. Continual Multiplexor 
Selector Channel Trap 

4. Wrong ROS Next Add- 
ress Due to Bad CN 
Decode or Wrong Doc- 
ument in CCROS 

5 . CPU Status Set or Re- 
set Failure 



Suspect: 

1 . CPU Status Set or Re- 
set Failure 

2 . Wrong Next ROS 
Address Decode 

3. Wrong Document in 
CCROS 



Chart HI 



Determine What Instruct- 
ion Code Is Being Per- 
formed when Failure Oc- 
curred 



Chart HI 



Determine What Instruct- 
ion Code Is Being Per- 
formed when Failure Oc- 
curred 



Run: 

Resident 

Basic Test(BFF) 3345 Vol 41 

Repop 

Priority Ctrls 3347 Vol 41 | 



Run: 

Resident 

Basic Test(BFF) 3345 Vol 41 
Repop 

Priority Controls3347 Vol 41 
Multiplexor - 

Repop or 3346 Vol 41 

Selector Chan. 
FLT Ch I 3447 Vol 41 

Ch 2 344A Vol 41 



Try Any or All: 

1 . Repop Micro Test 

to I/O Unit 

2 . Macro Program Diag- 

nostics to the I/O Unit 
3 . Hand Program to I/O 
Unit 



DT Chart H Hang Ups, Loops, and Stops (Sheet 2) 



c 



Start 



:) 



Determination of last 
Initiated Instruction 
Address 



Running 1400 Compat- 
. ibility Job-Compatib- 



I ility Mode Light On 




In Some Cases when IJ 
Is Needed for an Add- 
itional Address Counter, 
the Next Absolute Add- 
ress Is Stored in the IJ 
Backup Location in Aux- 
iliary Storage (A-CPU 
088 and 099) . An Example 
Is a File Operation 



Most Compatibility Op- 
eration Codes Keep the 
Next Sequential Instruc- 
ruction Address Stored 
in the IJ-Registers 



Display the PSW Bit and 
Instruction Length Count- 
er Byte in Auxiliary Stor- 
age Location CLS)08C 



This Is an Absolute 
2030 Address . Not the 
Converted Decimal 
Address 



Log ILC Bits 4 and 5 for 
Future Use . Inspect the 
PSW Bit (Bit 1) 




Suspect: 

1 . The Next Address 
in IJ Backup 

2. Catastrophic Fail- 
ure, Lost Address 
Not Certain 



Subtracting One from 
the Address, Continue 
to Display Main Core 
until Another Word 
Mark Is Detected . 
This Will Be the Last 
Initiated Instruction 



Remember: This Is an Ab- 
solute 2030 Address 
(400- 1 = 3FF) 



Lost Instruction Address 
Is in Auxiliary Storage 
(LS)QA9-lnstruction 

Counter HI 
(LS)OAA-lnstruction 

Counter LO 



To Retry the Instruction, 
Store This Address in IJ . 
ROAR Reset to WX-Add- 
ress 1100, Press START 
or Decode Decimal Add- 
ress and Set l/C to it 



Address 1100 Is l-Cycle 
Start on CLD OEOOl 



The Last Instruction 
Address Is Located in 
the IJ-Registers 



Subtract the Decoded 
ILC Equivalent from 
the Instruction Counter 
to Locate the Last Inst- 
ruction Address 



ILC 


Bits 


Action 


4 


,f 


Subtract 








2 





1 


4 


1 





4. 


1 


1 


6 



Set IC to the Instruction 
Address 



Single-Cycle through the 
Operation Looking for 
Clues 



Link Back to Origin Point 



DT Chart HI Last Initiated Address 



Index 



Chart B, Sheet 2 
Chart H, Sheet 1 




IPL Has Been Completed 
and the Loaded Program 
Is Waiting for an Exter- 
nal Interrupt 



Check the Resets of the 
Load Req Latch 
(KC04I and KC051) 



Suspect: 

1 Program Waiting for 
the Interrupt Key to 
Be Pressed 

2 Trying to Get to an 
Unavailable or Non- 
ready I/O Device 
Check Print-Ready 
Light and 1050 Intv 
Req Light on Console 

3 If 1050 intv. Suspect 
Paper Not Under 
Interlock 

4 Improper System Mask 
Not Allowing Inter- 
rupts 

5 Operating System 
Supervisor Halt 



Chart C Sheet 1 
NO 



Suspect: 

Failed to Reset the Load 
Req Latch When Passing 
through WX Address 
6FE (CLD QC351) 



I WA I 
Chart W, Sheet 1 



BFF Basic Test Check 



Place All Switches in 
Process and Observe the 
Test Lie 




Switches; 

1 ROS Control 

2 Rate 

3 Address Compare 

4 Check Control 



Not BFF Holt. Replace 
Switches to Original 
State 




LP Light 



Chart YZ, Sheet 2 



Chart S, Sheet 1 
YES 



Place Check Control 
Switch to Process . Press 
START Twice or IPL Again 



Double Failure. Bad Sel- 
ector Channel, Channel 
Status and IPL Routine 
Failed to Catch the Fail- 
ure 



For Aid, Go to the Stop 
Word Chart (Chart J) and 
Read Comments on WX 
Address 095E and 0A15 



Check for IPL Stop . 
1 Word Loop 



Failure Occurred Dur- 
ing Basic Test or Systen 
Reset Portion of IPL 





Suspect: 

The Load Latch or the 
Load Request Latch Did 
Not Set (ALD KC041 
and KC051) 








1 Is the WX Address One of | 


the Following 


9 


578 


954 


1 64A 


95E 


1 682 


981 


1 6FF 


A15 


1 SEC 


A7A 







JA 
Chart J Sheet I 



Check for Program Inter- 
rupt Loop 



Suspect: 

1 No ROS Go 

2 Clock Failure 




HH 
Chart H, Sheet 1 



Failure Has Occurred in 
the Basic Test 



No IPL Trap Taken 



BC 
Chart B, Sheet 1 



Suspect: 

The Diagnostic Latch 
(ALD DKOll) Did Not 
Reset on WX Word 0AB8 
on QA951 



If the Diagnostic Latch 
Is Off, Run the Priority 
Controls Repop Micro 
Test 3347 (Vol 41) 



i CPU in Continual Loop 
I Passing thru V/X Address 
1 147 



Set A B C D Console 
Switches to Address 0147 



Address Compare Switch 
to ROAR Stop 




Initial Selection to IPL 
Unit was Successful . 
CPU Now in a Contin- 
ual Program- Interrupt 
Loop . Program New PSW 
Next Address Probably 
Is Pointing to 000, Which 
Contains an Invalid' 
Operation Code 



Suspect: 

1 First IPL Card or Re- 
cord Bad 

2 IPL Device Read or 
Transferred Bad Data 

3 IPL was Attempted to 
an OUTPUT Device 
that was Ready 



Check for Mechanical 
Action of the IPL Device 



IPL 
Device 



Card 
Reader 



Tope 



Mechanical 
Action 



Did Any Cards 
Feed? 



Did the Tape 
Drive Move 
Tape Away 
From Load 
Point 



Before Pressing 
IPL, Manually 
Place the Read- 
Write Head 
Assembly at 
Some Cylinder 
Other Than 
Zero. After IPL, 
Did the Head 
Seek Cylinder 
Zero 



If Improper Disk Seek 
Takes Place, Attempt to 
Create Same Condition 
I Off-Line Using an "02" 
I Command (IPL Read) 



Chart I Sheet 2 



DT Chart I IPL (Sheet 1) 



Chart I, Sheet 1 




Initial Selection to Dev- 
ice Either Not Success- 
ful or Incomplete. Should 
Have Stopped at a Word 
on the J Chart Sheet 1 (JA) 



Invalid Condition. The 
Load Request Latch was 
Reset After the Basic Test 
but Before Normal IPL 
Windup 




Initial Selection to the 
I/O Device was Success- 
ful but IPL Windup Not 
Completed 



Suspect: 

Load Latch or Load Re- 
quest Latch were Not Re- 
set. Normal Reset WX 
Address 6FE (CLD QC351)' 



While Proceeding through 
the Remaining Flowchart 
Observe When IPL Wind- 
up Takes Place and When 
the Load Light Goes Off 



To Locate Where IPL 
went Wrong, Use □ 3- 
Cord Hex Loader in a 
2540 and Follow Step by 
Step Procedure on the 
IPL Three Card Hex Load- 
er Flowchart Located on 
ROAR Stop Chart 1 



IPL Has Been Completed . 
Problem Now Is Located 
within the Loaded Pro- 
gram 



^ 



Chart H Sheet 1 



DT Chart I IPL (Sheet 2) 



Index 

Chart I, Sheet 1 

Chart H, Sh 



t 1 



Note 1: All CPU CF stops are listed except diagnostic test stops and 1620 feature stops. 
* For additional aid in locating IPL failures, use a three-card hex loader in a 
2540 and follow the step-by-step ROAR-STOP procedure on the IPL three-card 
hex loader flowchart located on ROAR stop Chart 1 



wx 

ADDR 


Type 


CLD 
Page No 


Norntral Cause 


Hints and Aids 


00B2 


Stop 


QA961 


A second machine check occurred with check control 
switch not in stop, before the first machine check 
could be logged. 


Check control switch to stop; try again or go directly 
to CPU check. Chart C, Sheet 1 at CA 


OOFF 


Stop 


QA941 


Soft stop occurred because STOP key was pressed. 
Rate switch was in instruction step, or match occurred 
using SAR delayed stop mode. 


Check process stop latch on ALD KC081 


0328 


Stop 


QA951 


System reset followed by pressing the START key 
once — basic test BFF has run successfully 128 times. 


If IPL initiated, suspect the multiplexor channel . 
Trap was not taken at previous WX OOEA , best 
action run priority controls repop micro test 3447 


0578 


IPL 
Stop 


QC091 


Attempted to IPL to an unavailable or non-existent 
device on the multiplexor channel, Select-In re- 
ceived in response to Select-Out. 


Suspect: « 

1 . Desired unit is off line 

2 . Desired unit does not recognize its address 
3 . Wrong address being sent out on channel 
Do: ROAR stop on ROS address 05A0 - QC051 

Check Bus-Out and control unit statically 


0649 


IPL 
Stop 


QC061 


IPL was attempted to a non-ready device on the 
multiplexor channel . 


Suspect; » 
Control unit answers busy to initial selection 

Do: 

ROAR stop on address 05AC, rate switch to 
single cycle, press START, A-Register now 
contains status from device . 


0682 


IPL 
Loop 


QC351 


1 . During IPL on the multiplexor channel, the control 
unit failed to send Request-In or the CPU did not 
recognize Request-In, which is necessary to cause 
a multiplexor channel share request trap 

2. First card read did not have proper IPL data or data 
read in was blank . This is one way of causing a 
program check that causes this loop 


Suspect; * 

1 . If only one card fed into the stacker, suspect 
that it is not the proper IPL card 

2. Request-In from control unit not getting to CPU. 
Check Request-In on ALD FA082 

3. CPU failure to take multiplexor channel trap to 
WXOOIO. 

4. Operational -In appeared dropped to CPU 

5. Reader clutch failed to energize 
Do: 

Run priority controls micro repop diagnostic test 
3447 and multiplexor channel repop test 3346 
(Vol 41) 


06FF 


IPL 
Stop 


QC351 


Bad final status received from source unit during IPL 
on the multiplexor or selector channel 


Do: « 
Go to Chart J, Sheet 2 at JB 


08EC 


IPL 
Stop 


QC511 


IPL attempted using address assigned to the 1052 
console KB-Printer 


1 . ROAR stop on WX Address OOEA - QA951 and * 
IPL again - If no match, place rate switch to 
single cycle and IPL again, scope diagnostic 

latch on DKOl 1 . This latch is not on while 
executing basic test causing a premature IPL 
trap to 0002 

2 . If a match occurred in 1 , ROAR stop on 053A - 
QC041 and single-cycle through address forma- 
tion for clues 


0954 


IPL 
Loop 


QD091 


Selector channel wait loop, waiting for selector 
channel chaining trap or share cycles. 


Suspect: * 
1 . CPU failed to take selector channel trap 

2. Control unit failed to bring up Status- In or 
Service-In 

3. Selector channel poll control problem 
Do: 

Run priority controls micro repop diagnostic test 
3447 and selector FLT 3447 - 344A (Vol 41) 


095E 


IPL 
Stop 


QD181 


1 . Initial internal channel status not equal to zero 
on selector channel IPL; or 

2. Program check occurred during IPL on selector 
channel . 


Do: * 
Go to Chart J, Sheet 2 at JC 


0981 


IPL 

Stop 


QDOll 


1 . Initial status from source unit during IPL on 

selector channel is non zero, or 
2. IPL attempted to non existent or unavailable 

selector channel 


Do; * 
Go to Chart J, Sheet 2 at JD 


0A15 


IPL 

Stop 


QD121 


Non-zero channel status detected at completion of 
IPL on the selector channel 


ROAR stop on WX Address OAOl - QD121, rate * 
switch to single-cycle press START. R-Register 
now contains ending channel status 


0A7A 


IPL 
Loop 


QC451 


1 . A machine cheek occurred during IPL while check 
control switch was in process 

2. A multiplexor channel control check occurred dur- 
ing IPL 

3. Interface time-out occurred during IPL 


Do: * 
Go to Chart J, Sheet 2 at JE 


lOFF 


Stop 


QE69I 


1401 Compatibility coded stop, R-Register hexadecimal 
character determines cause 


Do: 

Go to Chart F, Sheet 3 


12F4 


Stop 


QE561 


1 . Machine check occurred in Compatibility mode 
with check control switch in process; or 

2. Second machine check occurred in Compatibility 
mode using mode switch on machine checks 


Place in stop mode and catch error when it occurs, 
or go to Chart C, Sheet 1 at CA 


1E4F 


Stop 


QG532 


An RPQ operation (branch on next card column binary) 
was attempted but reader was not ready 


Ready reader or ROAR stop on WX Address 1E4E - 
CLD QG532 and observe Status-ln In multiplexor 
channel and control unit 



DT Chart J CF Stops and Special One Word Loops (Sheet 1) 



Chart J, Sheet 1 
JB 



06FF 



Chart J, Sh eet 1 
JD 



0981 



Address Compare Switch 
to Early ROAR Stop. Set 
F G H J Switches to 06FF 
QC351 




Selector Channel Has 
Received Some Final 
Status Bit Other than CE 
or DE . The R-Register 
Now Has Unit Status 



Multiplexor Channel Has 
Received Some Final 
Status Bit Other than CE 
or DE; The A-Register 
Now Has Unit Status 



Multiplexor Channel is 
Responding with Status. 
A-Register Now Has Unit 
Status 



T 



Selector Channel Is Res- 
ponding with Status . 
R-Register Now Has Unit 
Status 

I 



Suspect; 

Unit Check Occurred 

During IPL Windup 



Suspect: 

Unit Response Is Missing 

CE or DE 



Chart J, Sheet 1 
JC 



095E 



Address Compare Switch 
to Early ROAR Stop. Set 
F G H j Switches to 
095E OD181 



Address Compare Switch 
to Early ROAR Stop. Set 
F G H J Switches to 
0981 ODOll 




Select-In Received in 
Response to Select-Out 
(No Control Unit Res- 
ponse). Desired Control 
Unit and Device Now 
in Selector Data Register 



Control Unit Initial Status 
Non Zero. It Is Now Dis- 
played m Selector Data 
Register 



Suspect: 



Control Unit Off-Line 
CPU Selected Wrong 

or Invalid Channel 
Channel Trying to 

Select a Non-Exist- 

ent Device 




Chart J, Sheet 1 
JE 




IPL Again 



Address Compare Switch 
to Early ROAR Stop. 
Set F, G, H, J Switches 
to 0A7A QC451 . Set 
Check Control Switch 
to Stop 




Early ROAR on 095D to 
Determine Type of Pro- 
gram Check 



Initial CPU Selector Chan- 
nel, Channel Status Bad 



Suspect; 

1 Data Being Read in 
Does Not Have Pro- 
per IPL Information 

2 Blanks Are Being Read 




Suspect: 



Channel Hardware 
Failure 

Select-Out Did Not; 
Propagate -Result 
Channel Interface Con- 
trol Check Due to Time 
Out 

Interface Cable Un- 
plugged 

CPU Machine Check 
caused Channel Con- 
trol Check 



Channel Check - Press 
Start . Go to WX 0A7A 



Chart C, Sheet 1 



In IPL Mode Log Out 
Byte 0082 Is Not Indicat- 
ive of Error Conditions 
as Specified 



Read All Comments on 
QC451 Using 2030 CE 
Handbook Under CPU 
Channel Log, Det- 
jermine Type of Failure . 
R-Register Now Has Cat- 
alog Number or Machine 
Check Indication 



Place in Stop Mode - 
Try Again 



Run Priority Controls 
Micro Repop Diagnostic 
Test 3447 and Multiplex- 
or Channel Repop Test 
3346 (Vol 41) 



DT Chart J CF Stops and Special One Word Loops (Sheet 2) 



I Chart H, Sheet 1 



Assumptions: 

1 . The Rate Switch Is 

Now in Instruction 

Step 
2. The Displayed WX 

Address Us 00f=F or 

lOFF 



Determine the Next Se- 
quential Instruction Add- 



Log the Next Sequential 
Address, Then Press 
START 



Continue This Procedure 
until a Subtantial Num- 
ber of Addresses Are Log- 
ged or the Program Loops 
Back on Itself 




NO 



YES 



Locate the Loop in the 
Listing or the Dump 



Observe All Possible Exits 
from the Loop and Attempt 
to Determine the Expected 
or Normal Exit 



Basic 2030- 1400 Mode 
Oriented Problems 



^ 



BASIC 2030 MODE 



The Address of the Next 
Instruction to Be Proces- 
sed Is Now Displayed in 
Hex in the A and B Reg- 
isters 



The Displayed Address 
I May Not Be the Next 
I Sequential Address After 
I the One Just Completed . 
I Satisfied Branches Reflect 
j. the New Address 



In Most Cases the Condi 
tion Code Register and 
the Prog-am Mask Are Now 
Displayed in the R-Reg- 
ister. This Is Only True 
if the MN-Registers Are 
Displaying Auxiliary Stor 
age XOBB 



R Register Bits 



- Condition Code 8 

1 - " "4 

2- " "2 

3- " "1 

4- Fixed PTOVFL Mask 

5 - Decimal OVFL Mask 

6 - Exponent UNFL Mask 

7 - Significant Mask 



Dump Core Using a Pro- 
gram Dump or a Micro 
Dump 



If in PMS and Both 1400 

and Basic 2030 Dumps 

Are Desired: 

A . Dump Basic 2030 First 
if Micro Gore Dump 
Used 

B. Dump 1400 First if 
Bos ic 2030 Macro 
Dump Is to Be Used 



Suspect: 

1 . Failure in Condition 
Code Set/Reset 

2 . Program Mask Not 
Functioning Properly 

3. System Mask Not 
Functioning Properly 

4 . Error Recovery or 
Other Seldom Used 
Routines That May Not 
Have Been Completly 
Debugged 



1400 COMPATIBILITY 



If Processing Is to Cont- 
inue in Sequential Order, 
the Next Instruction Add- 
ress Is Now Displayed in 
Decimal in the A and B 
Registers 



The Resultant A-Field 
Address Is Now Display- 
ed in Decimal in the M 
and N Registers . To 
Display the Resultant 
Decimal B-Field Add- 
ress, Display the UV 
Registers 



If the Instruction Just 
Completed was a Sat- 
isfied Branch, the Dis- 
played Address Is Not 
the Address of the Next 
Operation Code to Be 
Processed 



To Be a Valid Instruct- 
ioh Step Stop the R-Reg- 
ister Must Have Hex 
Code 00 



Use Available 1400 
Macro Deck to Obtain 
an Edited Core Dump of 
the 1400 Area of Stor- 
age 



Suspect; 

1 . I/O Device Contin- 
uously Busy 

2 . Some Portion of 1400 
Auxiliary Storage was 
Changed or Destroyed 

3. Incorrect Sense Switch 
Settings 

4. I/O Check Stop 
Switch in Auxiliary 
Storage in Wrong 
State 

5. Tape and Disk Assign- 
ments in Auxiliary 
Storage Incorrect 

6. Hi, Lo, Equal, Com- 
pare Operation Code 
Not Functioning Pro- 
perly 

7. The GMWM Latch 
Failure or Other 
Compatibility Orien- 
ted Hardware (ALDs 
MB031 and DL031) 



Chart L, Sheet 2 



DT Chart L Machine Language (Macro Program) Loops (Sheet 1) 



Chart L, Sheet 1 



^ 



Suspect: 

1 . Program Deck Has Re- 
cently Been Altered 
or Changed 

2 . Wrong Branch Token 
in Micro Program Due 
to Undetected ROS 
Failure or Stat Decode 

3. Main Core Failure 
Basic S-Register Fail- 
ure 

Undetected Failure in 
I/O Unit During Data 
Input 

ROS Control Switch Is 
in Inhibit CF Stop Pos- 
ition 
7. The Program Encounter- 
ed an Unrecoverable 
Error and Cannot Cont- 
inue 



If the Complexity Is Be- 
yond Your Experience, 
Call for Assistance . • 
Continue through This 
Chart While Waiting for 
Aid 



Micro Diagnostic 
Procedure 

1 . Run the CCROS Driver 
Voltage Check . 

See Chapter 4 of the 
2030 FEMM 

2. Follow the R/W Stor- 
age Diagnostic Pro- 
cedure Item 4 of Test 
3348 (Vol 41) 

3. If the Problem Is Chan- 
nel-Oriented, Run the 
Associated Channel 
Diagnostics (Vol 41) 
Multiplexor - 3346 
Selector 1 - 3447 
Selector 2 - 344A 



Run Associated Machine 
Language (Macro) Diag- 
nostics 



Place Check Control 
Switch In Stop to Catch 
CPU Checks. Place Pro- 
gram Interrupt ROS Add- 
ress, 0147, in the ABCD 
Switches and the Address 
Compare Switch to Early 
ROAR Stop 



Re-run the Failing Job 



If Some Original Failure 
Occurs, Call for Further 
Assistance 



BASIC 2030 MODE 



Run the Following CPU 
Macro Diagnostics 
(Vol 42) 



Standard 
Set 1 



-Test 3201 
-Test 3202 
-Test 3261 
-Test 3262 
-Test 3263 
, -Test 3264 

(And Any Associated 

2030 I/O Tests) 



1400 COMPATIBILITY 



Run the 1400 Compati- 
bility Macro Diagnost- 
ics Under Control of Test 
-3F00 (Vol 43) 
3F01 through 3F05 (and 
Any Associated 1400 
I/O Tests 3F08 through 
3FlCor 3F06if PMS Is 
Used) 



DT Chart L Machine Language (Macro Program) Loops (Sheet 2) 



1 MA j 



Chart W, Sheet 1 
Chart W, Sheet 2 



Save All Logged Data 
that Is Pertinent to 
the Existing Failure 
and Run Micro Diag- 
nostics 



Reference Material 
1 . SRL~System/360 

Principles of 

Operation. 

2 . System/360 I/O 
Interface Channel- 
to-Channel Manual 

3. Field Engineering 
Maintenance 
Manual 

4. FE Handbook 



S 



Protect Check Bit 43 



Run Priority Controls 
Micro Repop. Test 
3347 (Vol. 41) 
Followed by the Mul- 
tiplexor Micro Repop. 
Test 3346 (Vol .41) 



^ 



PCI Bit 40 



Continue Using Data 
Derived from Failing 
Job 



Error Conditions — 
More Than One Bit 
In The Status Bytes 
May Be on . Use 
SRL for Reference 



Check Channel Status 
(Byte 45) Byte 5 of 
CSW 



This Is an Indication 
of A Channel Error . 
Bit Combinations Are 
Possible . 

Use System Reference 
Library Manual and 
Units Reference Manu- 
al with These Flow 
Charts for Trouble 



CDC & CC Bit 44 & 47 



Conditions Do Not 
Exist on MPX Channel 



Program Check Bit 42 



Channel Control 
Check Bit 45 



Error Due To CCW or 
CAW in Error 



Run Macro Diagnostic 
3430 



Set Check Control 
Switch to Stop 
Set Address Compare 
Switch to Roar Stop 
Set Switches ABCD 
to 0A8E 



Rerun Job — Match Light 
on Indicates Program 
Check Has Occurred 



Unless Error Occurred 
During Command Chain- 



ing, Catalog No. will 
be in the High Data Field 
I of the CSW 



When Stop Occurs ALU 
Output will be Display- 
ing Catalog * See CAS 
PageQC461 



Go to Suspect Chart M 
Sheet 3 



Inspect CCWs Previous- 
ly Logged 




This is not an Error. 
Refer to System/360 
Principles of Operation 
for PCI Function 



This Condition Should 
Not Exist. To Do A 
CSW Store, A CCW 
Must Contain A PCI 



Rerun Job and Set Up 
to Stop When PCI Is De- 
tected 



Set Address Com- 
pare Switch to Roar 
Stop. 

Set Switches A-B- 
C-D to 067E . CLD 
Page QC091 



When Match Occurs A 
PCI Has Been Detected 



Inspect UCW for CCW 
That Was Working when 
PCI Was Detected 



1 

Use CE Handbook to | 


Inspect UCW 




Subtract 8 fro 


mCCW 1 


Address to Fin 


d Working I 


CCW Address 


Inspect 1 


This String for A PCI , 


Bit 36 


1 
1 



Analyze Log Data to 
Insure Not Programming 
Problem 



Protect Keys Have Mis- 
matched Somewhere 



Run Storage Project 
Micro Diagram 3350 



Run S.P. Macro 
Diagnostic 33C9 



Do Storage Project 
Stack Adjustment Pro- 
cedure 



Use the Procedure as 
Outlined in the Field 
Engineering Maintenance 
Manual, Chapter 4 



Set Up System to Stop 
on Error and Rerun Job 



1 . Set Address Compare 
Switch to Roar Stop . 

2. Set Switches A-B-C- 
D to Address 0040 . 
This Address Is Forced 
when Error Occurs 

3. Rerun Job 

4. Match Light on 
Indicates a Protection 
Error Occurred 

5. Main Storage Now 
Contains Address of 
Protected Area 

6. Set This Address into 
Switches A. B.C. D. 
Set Switch E to M.S. 
Press Display Key 

7 . Step Six Has Now 
Read Into Q-Regis- 
ter Low, the Key 
from The Protect Stack 

8. Display Q-Reglster 

9. Normal Operation 
Would Have Q-HIgh 
and Q-Low Match . 
the Occurrence of 
A Mismatch Is 
Flagged As A Program 
Error 



Chart M Sheet 2 



WLR Bit 41 



Find Last Working CCW 
from Log Data. SLI Bit 
34 Should not be On 



Count In CCW Is the 
Amount Of Bytes To 
Be Transferred. Use 
This Count And Command 
And Run I/O Micro Test 



Run Units Macro Diagnostic 



Rerun Job to See If Error 
Reoccurs 



Chart M Sheet 2 



Check Control Switch 
Was in Process Mode 



Inspect Logout Area 
Bytes 81, 82, 83 



Reference CLDs 
QC451 & CE Handbook 
Logout Area 



Put System in Check 
Stop Mode . Run 
Channel Macro Test 
3430 



Refer to Red Lig 
Chart (Chart C) when 
Stop Occurs. 



DT Chart M Multiplexor Channel (Sheet 1) 



Chart M Sheet 1 



I MB J 



Interface Control 
Check Bit 46 



Inspect Logout Area 
Bytes 81 82 83 




Refer to CLD Page 
, QC451 and CE Handbook 
I Logout Area 




Chart M Sheet 1 



YES 



Next CCW Address 
Bytes 0041, 0042, 0043 



This Is the Machine 
Check Error . Go To Red 
Light Chart (Chart C) 



Run I/O Micro Test 
Using Address of Unit 
Found in Location 83 



Run Macro 3430 



This Address Will In- 
dicate 8 Higher than the 
CCW That Was Being 
Used when the Error Oc- 
curred . Use This as a 
Starting Point when Try- 
ing to Find What CCW 
was Working when the 
Error Occurred 




Suspect Chart 



l) 



if All Tests Run, Rerun 
Job with System Setup 
to Stop on Failure 



Set Address Compare 
Switch to Early Roar 
Stop 

Set Switches A-B- 
C-D to 0A71~CLD 
QC451 

If Error Occurs 
(Match Light on), 
WX Register Indicates 
CCROS Word That De- 
tected Failure 
Set WX Address in 
Switches A-B-C-D 
and Rerun Job 
Using Addresses Dis- 
played in WX and 
CLD's Starting on 
Page QC451, Deter- 
mine Nature of Hard- 
ware Failure 



c 



Go to Suspect Char 
(Chart N) 



D 




The Residual Count Be- 
comes Meaningful if the 
W.L.R. Bit Is on in 
Byte 45, Bit 2. Refer 
to SRL for Additional 
Count Information 



YES 



MPX Channel Appears 
In Order. Continue 
Investigation by Check- 
ng the Control Unit and 
Device 



Chart D Sheet 1 



With SLI Bit on A Mis- 
match in Number of 
Bytes Transferred Is 
Possible. This Is Not 
Always An Error 



Check with Program 
to See If Count Bytes 
Should Match 




The Count Value in the 
CCW Could Be Larger 
than the Record That Is 
Being Acted Upon . 
With SLI Flag on, Look 
for Other Error Indi- 
cations 



Run I/O Micro Test 
3344 Using CMD and 
Count of Failing CCW 
with Unit That Had 
Failure 




Use I/O Micro Test 
to Trouble shoot Failure 



Unit Is Capable of 
Handling This Count. 
Check CSW for Other 
Error Indication 



With No SLI Flag the 
CCW Count and the 
Record That Is Acted 
Upon Should Be Equal in 
Length 



I 



DT Chart M Multiplexor Channel (Sheet 2) 



L-Register 


CLD Page 


Early ROAR 
Stop at 


Do WX 
Registers 
Read at 


Hints 


01 


QC021 


0A89 


052C 


1 . Zero count in CCW Byte 6 and 7 

Check CCW display DL-Registers now holding the 
count . 


02 


QC021 


0A89 


0590 


1 . Invalid flags in Byte 4 of CCW. 
Display L-Register . 
Low-order three bits must be zero . 


04 


QC021 


0A89 


0515 


1 . Initial operation has a TIC or 

2. Two TICs in a row. 

3. Inspect CCW string for this condition. 


05 


QC021 


0A89 


051D 


1 . Invalid command Byte, check Byte of CCW. 


06 


QX021 


051E 


051 B 


1 . Byte 1 of CCW is not zero . 
Check CCW for this Condition . 


07 


QCOll 


058A 


0572 


1 . Protection error in CCW . 

2 . CCW address too big for memory size . 

3. Byte 0049 must be zero for 2030. 

4. Check CAW format using CE Handbook or 
SRL Manual . 


08 


QC021 


0A8B 


0517 


1 . Two successive TICs. 1- and J-Registers now have 
address of CCW that had the second TIC as its 
command . Inspect CCW string for this condition . 


09 


QCOll 


0526 


0522 


1 . The new CCW address designated by a TIC 
command was not located on a doubleword 
boundary . 


OA 


QC061 


0A8F 


0611/ 
0613 


1 . Memory wrap when CCW was being updated during 
a chaining operation 


OB 


QClOl 


0A8B 


069C 


1 . Zero count detected while data chaining or 

invalid flag Byte . 

2 . Check L- and D-Registers for count . 

3. Check S-Register for 5 bit being on . If 5 bit is off, 
an invalid flag Byte was detected. 

4. Check CCW for these conditions . 


OC 


QC101 


058B 


053C 


1 . Memory wrap on next CCW address while CDA . 
2. 1- and J-Registers now should indicate zero. 


OD 


QC021 


0A8F 


052D 


1 . Zero count detected during a command chain . 

Check L- and D-Registers for count. 

2 . Check CCW string for these conditions . 


OE 


QC031 


0A8F 


052A 


1 . Invalid flag Byte while command chining. 

2 . L-Register contains flag Byte . 

3. Check CCW string for this condition 


IF 


QC131 


0A8F 


06BC 


1 . Memory wrap detected while command chaining. 
Next CCW was located outside of memory. 
1- and J-Registers are 0000. 

2. Check CCW string for a CCW located in the 
last 8 locations in memory. This one is 
chaining out of memory. 


2F 


QC131 


0A8F 




1 . Command Byte all zeros detected while command 
chaining. U-Register now holds the command. 

2. 1- and J-Registers now contain the failing CCW 
address plus 1 . 

3. Check CCW string for this address and the 
indicated error condition. 



DT Chart M Multiplexor Channel (Sheet 3) 



Index 



ra 



Interface Control Checks 
Are Due to Timeout Con- 
ditions or Invalid Seq- 
uence of Interface Sig- 
nals 




Determine Catalog 
Number 




Refer to Interface Con- 
trol Checl<s on Chart M 
Sheet 2 (MB) 



WX Register Is 05BC or 
05BE QC051 



Display Fl-Register, it 
Holds the Unit Address 
That Is Trying to Use the 
Channel 



Fl Should Equal Address 
Found By Sheet 



IC Not, 
Suspect: 

Line Receivers and Assoc- 
iated Circuits Starting 
Page FA082 




Operation-ln Did Not 
Fall. WX Will Be 067B 
QC161 




j Check Logic Page FA092 
I for Operation-ln Signal 



Trouble Is At I/O Unit 
or in Cable 



Internal Trouble . Suspect 
Line Receiver and Assoc- 
iated Circuits. 
Example: 

01A-A3C5 

01A-B2D6 

01A-A3F2 




NO 



False Request, No Sel- 
ect-In QC211 
WX Will Be 0669 



Do an IPL Using an Add- 
ress That Is Not Used By 
Your System, Do a ROAR 
Stop on 05A2 




Select-Out Circuits Are 
Working. Re-run Test. 
ROAR Stop on 0669 



Check for Terminators 
Plugged in Last Unit or 
Line 



Check Which Unit Is 
Holding Up the Passing 
of Select-Out 



False Request with No 
Select- In. Select-Out 
Should be Up on the 
Interface at this Time. 
Check for No Response 
from Unit or Block of the 
Select-Out Signal by a 
Unit 



& 



Double Request Console 
and I/O Unit. WX Reg- 
isters Will Be 0657 
QC2n 




This Unit Should Hove 
Operation-ln Up. The 
Unit Wants the Interface 



1050 Request- In. 1050 
Wants the Interface . 
Check for Error in 1050 
T-Register Circuits. This 
Is in Error 




Internal Trouble 




Suspect: 






Address 


n Circu 


its FA092 


Example 


OlA - 


A3C5 




OlA- 


A3F2 




OlA- 


B2D6 



Trouble Shoot Unit. Find 
Why Address-In Is Up 




Timeout in Data Loop. 
WX-Registers Will Be 
0600 QC081 



The Unit with Operation- 
ln Up Has Failed to Raise 
Status-ln or Service-In 
or Has Raised Both 



I 

I Check Logic Page FA092 



of The 



Inter- 




iQnly Or 

jfoce Signals Should Be Up 
Neither Both 



Internal Trouble. Suspect | 


Status-ln or 


Service-In 


Circuits 




Logic Page 




FA 092 


01A-A3C5-D5 


FA 041 


01A-A3E6-D7-E2 


AL061 


01A-B2D6 



DA 
Chart D, Sheet 1 




Unit Did Not Respond 
when Chaining. WX-Reg- 
isters Will Be 0582 QC091 




I Check Logic Page FA092 



Unit Failure . Run Unit 
Diagnostic 



System Has Failed to 
Branch on Operation-ln 



Internal Trouble. Suspect 
Operation-ln Circuits. 
Logic Page 

FA092 01A-A3C5-B3 
FA091 01A-A3F2 
AL061 01A-B2D6 



NB 
Chart N Sheet 2 



DT Chart N Multiplexor Catalog Numbers (Sheet 1) 



Chart N, Sheet 1 




Unit Did Not Respond on 
Initial Selection With 
Operation-ln ond Select- 
Out Not Received WX- 
Registers Will Be 
0545 QC091 



Check Interface for Op- 
eration-ln or Select-In 




Internal Trouble/ Suspect 
Operation-ln Circuits 
Logic Page 

FA 092 01A-A3C5-B3 
FA091 01A-A3F2 
AL061 0]A-B2D6 




YES 



Unit Failure Did Not 
Raise Operation-ln or 
Select-Out Not Prop- 
agated. Run Unit Diag- 
nostic 



Internal Trouble . Suspect 
Select-In Circuits 
Logic Page 

FA092 01A-A3C5-B5 
FA 091 01A-A3E2 
PF081 01A-C3D7-B6 
PF082 01A-C3E7 




Check for Status-ln Re- 
sponse to Command-Out 
when Count Has Gone to 
Zero 



1 . Rerun Test. ROAR Stop 
at 062F 

2. Set Rote Switch to 
Single-Cycle 

3. Press START Key. 
Command-Out Will 
Be Sent to the Unit, 
Service-In Should Foil 

4. Keep Pressing the 
START Key, Status-ln 
Should Be Sent, Not 
Service-In 

5. If Service-In Is Sent 
This Is an Error (Unit 
Failure) 



I Check Logic Page FA021 . 
I The Command-Out Latch 
I Should Be On when Step 
3 is Done . Check Unit for 
I its Receiving Command- 
jOut 




This Is a Multi-used Cat- 
alog Number . Refer to 
CLD OC451 Cat. No. 77 



Determine Type of Error . 
Either Operation-ln or 
Status-ln Failure. WX- 
Registers Equal Timeout 
Word and Type of Failure 




Internal Trouble/ Suspect 
Operation-ln Circuits 
Logic Page 

FA092 01A-A3C5-B5 
FA091 01A-A3F2 
AL061 01A-B2D6 




Internal Trouble . Suspect 

Status-ln or Service-In 

Circuits 

Logic Page 

FA092 01A-A3C5-D5 

FA041 01A-A3E6-D7-E2 

AL061 01A-B2D6 



This Condition Should 
Not Exist 



DT Chart N Multiplexor Catalog Numbers (Sheet 2) 



Index 
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Chart W, Sheet 1 
Chart W, Sheet 2 



Derive, Log and Analysis 
of Pertinent Program Data 



Notes: 

1 . Channel pro-am checks are covered on associated Channel Charts 

2 . For general descriptions of program checks refer to Program Interrupts 

in the System/360 SRL Principals of Operation {A24-6821) under Interrupts 



Obtain Storage Printout 
Via Dump 



Using Program PSW Det- 
ermine Interrupt Code 



Bits 4-7 of Main Core 
Hex Location 002B Bits 
0-3 Should Be O's 



Determine Address of the 
Interrupted Operation 
Code 



Old Program PSW Core 
Locations 002E and 002F 
Contain the Next Op- 
eration Code Address . 
The Instruction Length 
Counter Is Located in 
Bits 0, 1 and 2 of Core 
002C . Interrupted Op- 
eration Address = Next 
Address - ILC 
Note: If ILC Is 000 the 
Interrupted Operation 
Address Is Not Certain 




Examine Printout and 
Proyam Listing to Det- 
ermine that They Agree 
and Are Correct 



Verify that This Is Not 
a Program or Data Error 




Program or Data 



Turn Action Over to 
Program Oriented 
Assistance 



» Hex Code 




Description 



Decimal Overflow 



Decimal Divide 



Run Decimal Instruction 
Tests 32E1 and 32E2 
(Vol 42) 




Run Floating Point Inst- 
ruction Tests 3291 , 
3292, and 3293 (Vol 42) 



Run R/W Storage FLT 
Micro Repop Test 334A 
(Vol 41) 



This Is to Verify Storage 
Addressing 



Customer Program 
Analysis 



The Ramainder of This 
Chart Is intended to Aid 
a Hardware Oriented CE 
in Analyzing the Situat- 
ion Using the Customer 
Program While on the 
System 



Run Associated Macro and 
Micro Diagnostics 



I Diagnostic Procedure 
1 Dictates Running Diag- 
nostics but This Area Can 
Be Skipped and Returned 
1 to Later 



1 Hex Code 


Description 


1 01 


Op-Code Incorrect 


1 02 


Privileged Op 


1 03 


Execute Error 


1 05 


Addressing 


1 06 


Specification 


1 06 


Fixed PT Overflow 


1 09 


Fixed PT Divide 


1 







NO 



Chart P, Sheet 2 
PD 



Run CPU Macro Tests for 
Standard Instruction Set 



I Sections: 

3201, 3202, 3261, 3262, 
I 3263, 3264 (Vol 42) 



I 

[ Storage Protection 




Chart P, Sheet 2 
PC 



Run Micro Repop . Storage 
Protect Diagnostic 3350 
(Vol 41) 



Run Storage Protect 
Macro 3369 (Vol 42) 



I Program Maskable Codes 



Check the Program Mask 
for Mask Allow Bits 



I Old Program PSW Pro- 

I gram Mask . Bits 4, 5, 

I 6, and 7 in Core Hex 

I 002C 




The Mask Bit Off Should 
Have Blocked This Pro- 
gram Interrupt. A Micro 
Program Branch on the 
Mask Bit Located In Loc- 
al Storage Determines 
Interrupt - Continue Flow 



PB 
Chart P Sheet 2 




DT Chart P Program Checks (Sheet 1) 



Chart P, Shee 1 



1 



System Reset and Set l/C 
to the Address of the Int- 
errupted Operation . Do 
Not Press START 



Use Data Address Gather- 
ed in First Section of 
This Chart to Set in SWS 
FGHJ 




£ 



Early ROAR Stop on the 
Common Entry for Pro- 
gram Checks WX 0147 - 
CDL QA881 . Press START 



I For Aid in Comprehension, 
I Refer to Chapter 1 of the 
I 2030 FETOM Under Stor- 
age Protection 





Match Light 



Early ROAR Stop on Pro- 
tect Trap WX Address 
040 - QA961 Restart 
Interrupted Instruction 




I In 1400 Compatibility 

I Mode: Use WX Address 

I 1040 (QE561). Restart 

I Interrupted Instruction 



NO 



YES 



No Protect Trap 



Set l/C Back to Operation 
Address 




Display the Q-Register 



Q-Hi 
PSW Key 



Q- Lo 
Storage Key 



Locate the New WX Word 
in the CLD's and Read All 
Comments on the Page for 
Clues 



I Use the CLD Index 
I QZ™ Pages in the 
I Back of Vol 24 



System Reset and Set l/C 
Back to the Interrupted 
Operation Code , with 
Rate Switch in Single 
Cycle, Step Thru the 
Micro Program Looking 
for Clues 



If Diagnostics Have Not 
Been Done, Do So Now 



Suspect: 

1 The Failure Is Inter- 
mittent because Fail- 
ure Did Not Occur 
This Time 

2 The Wrong Operatior 
Code or Instruction 
Address was Used 



P Bit with Q-Lo 
Read from Stack 




Q HI 0000 



Leaving ABCD Switches 
at 0147 and Address 
Compare Switch in Early 
ROAR Stop and Run En- 
tire Program again 



False Protect Trap. Go 
Bock to Diagnostic Sect- 
ion of This Chart 





NO 



Early ROAR Stop on Stor- 
age Wrap Trap WX Add- 
ress 020- QA961 
Press START 




No Wrap Trap 



Check Address in MN 
Registers for Exceeding 
Machine Core Storage 



Set l/C Back to Operation 
Address 




False Wrap Trap. Go to 
Diagnostic Section of This 
Chart 



|PD 
Chart P Sheet I 
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Intermittent Is Defined 
as at Least One of the 
Following: 

1 . A Similiar Failure 
Cannot Be Forced 

2. The Job Has Since 
Run Successfully 

3. Failure Repetition 
Rate Averages Less 
than 1 per Shift 




Suspect: 

Mechanical Adjustments 
Out of Specification . 
(A Prime Example Is Tape 
Start-Stop Times) 



Chart R, Sheet 2 



H 



Out-of-the-Ordinory 
Conditions May Have 
Occurred During the Run 
of the Failing Job. Be- 
ware of the Following 
Types: 

1 . Error Messages or 
Diagnostic Logouts 

2. Was Operator Inter- 
vention Required for 
Any Reason, Such as 

a . Excessive Tape 
Read Errors Neces- 
sitated Skipping a 
Record 

b . End of Forms on 
Any Device 

c . Any Check Point 
Restarts 

d . Unexpected Sys- 
tem Halt Neces- 
sitating Pressing 
START or INTER- 
RUPT Key 

e. Any Console Red 
Lights 

3. Excessive Traffic or 
Movement Near Sys- 



Chort R, Sheet 2 



Analyze All Common Fac- 
tors of Post Failures 



This Type of Failure 
Con Depend upon Cer- 
tain Common Factors 



Log in Pertinent Data for 
Future Use and Compare 
Them with Any Past His- 
tory of This Failure 



Examples of Pertinent 
Data and Common Factors 

A. Physical Dependencies 
1 . Always the Same 

System 

2. Same I/O Device 
or CU 

3. Some Job Number 

4. Input Type Source 
a . Type of Cord 

Stock 
b . Where Input 
Tape was Gen- 
erated 
c . Same Disk Pack 
5 . Use of Special 
Features (Example: 
PFR) 

B. Environmental Factors 



1 . Shift and Dote 

2. Same Time of Day 

3. Same Operator 

4. Temperature Above 
90° 

5. Humidity Below 20% 

6. Adjacent Equipment 
Running Simultaneous- 
ly. Examples: Com- 
munication, Unit Re- 
cord, Elevators, 
Electronic Doors etc . 



Suggestion: 
Record the Data on a 
Card. If an NTF Results, 
Store the Card in the 
Tray for the Repop CCROS 
Cords (Use for Comparison 
on Future Colls) 




Obtain on Edited List of 
the Diagnostic Logout 
Area . Use SEREP-Test 
3FE1 (Vol 40) 



SEREP Does Two Things: 
' 1 . Possible Clues to Any 
I Detected Failures 
I 2. Clears the Logout 
I Area So That on the 
' Next Run You Know 
I When Logout Occur- 
I red 



I During Failing Run Did 
I Anything Questionable 
Occur 



Analyze the Data, Com- 
pare to the SEREP Results, 
and Attempt to Derive a 
Sympton Other than 
Wrong Results 



Suspect: 



A System Failure 
Occurred and was 
Bypassed 

After or During Inter- 
vention the Operator 
Caused the Problem . 
End-of-File or End- 
of-Forms Device Rec- 
ognition 




Suspect; 


1 


Electrical Static Dis- 




charge . (Humidity Be- 




low 20%) 


2 


Loose Cords or Cables 




Falling on Vibration 



Diagnostic Procedure 
Dictates That You Should 
Continue Through This 
Chart and Run the Approp- 
iate Diagnostics, but 
Enough Data May Be 
Known to Retry the Cust- 
omers Job 



If the Decision is Made 
to Run the Customer's 
Job, Ensure That All 
Other-than-Normal Con- 
ditions Are Duplicated . 
Hove Some Operator Run 
the Job Tracing His Or- 
iginal Steps 



Examples: 

1 . Vibrate Unit Around 
Which the Activity 
Occurred 

2. Allow the I/O Device 
to Run Out of Forms 



Chart R, Sheet 2 
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Chart R Sheet 1 



CPU and Channel Check 
Out 



Run the Priority Controls 
Micro Repop Test 3347 
(Vol 41) 



Run CCROS Driver 
Voltage Check in Chap- 
ter 4 of the 2030 FEMM 



I Ver y Important 

1 Especially if ROS Retry 

I Is Installed or System Ha 

1 History of ROS Failures 



Follow the R/W Storage 
Diagnostic Procedure 
Item 4 of Test 3348 
(Vol 41) 



. Important 

|To Test Storage Addressing 



I Multiplexor Channel Used 
I on Failing Job 



Run the Multiplexor Re 
pop Micro Diagnostic 
Test 3346 (Vol 41) 




Run the Selector Channel 
FLT Repop Tests 
3447- Channel 1 
344A- Channel 2 
(Vol 41) 




Under Control of DMA-4 
Run the CPU Standard 
Set Macro Diagnostics 
3201 , 2 and 3 
3261, 2, 3, and 4 
(Vol 42) 



Reintialize the 1400 Aux 
iliary Storage Using Test 
3F0O under Control of 
DMA-4. Run 1400 CPU 
Macro Diagnostics: 
3F01 Through 3F05 (Vol 43) 



Chart R, Sheet 3 (RD) 



Obtain Clues and En- 
sure the Reliability of 
the I/O Units Used on 
the Failing Job 



Support I/O 

1. 1052 KB-Printer 

2. 1403 Printer 

3 . 2400 Tapes 

4 . 2540 Reader-Punch 

5. 2841/2311 Disk 



Chart B, Sheet 4 (BF) 



For Additional Hints Re- 
fer to Overall System 
Check 



Rerun the Customer's 
Job 



llf 1400 Compatibility, Prior 
|to Rerun Reinitialized the 
|1400 Aux. Storage Areas 
|Using the CID. If Some Job 
I Failure Results, Inspect the 
|CIDor Take 1401 Edited 
jstorage Dump Using Test 
|3FD1 (Vol 40) 




Run System Test 3FL1 
(Vol 40) about 20 Minutes, 
Log All Significant Data, 
and Turn System to Cust- 
omer 



Call for Assistance. Re- 
quest a Software-Hard- 
ware Trained Person. 
While Waiting, Run Sys- 
tem Test 3FC1 (Vol 40) 



At Minimum, Stand by 
until Next Job Has 
Been Successfully Start- 
ed 



DT Chart R Missing Records or Wrong Results (Sheet 2) 



Chart R, Sheet 2 
RD 



Unit 
Description 



1052 Key Board 



1052 Printer 



2400 Tapes 



Symptom or Cause 



1 . Missing characters caused 
by console attachment failing 
to read punch- 1 -clutch 
signal 



2, Extra character in storage 



3. Wrong data in storage; good data 
on 1052 printer 



4. Wrong data on printer; good data 
in storage 



Missing characters — caused by 
1051 home loop timer running 
slower than the console attach- 
ment clock — or console attach- 
ment clock faster than 1051 timer 



2. Only one character of a message 
prints. This moy also be the 
wrong first charocter 



3. 1050 intervention required 
would cause no message to be 
accepted by 1052 printer 
(indicator on lower right of 
console under CPU status) 



4. Incorrect data 



1 . Wrong chain on 1403 or wrong 
UCB image 



Hammer check circuit malfunction 
not catching extra or missing 
hammer fire, or failure to receive 
data check on unprintable UCS 
character 



3. Interface or 2821 failure causing 
data record to be cot short 



4, Multiple pick or drop of bits in 
UCB 



5, Multiple pick or drop of bits in 
print buffer 



6. UCB pority-check circuit failure 



7. Print buffer parity-check circuit 
failure 



8. Sync-check error circuit failure 



9^ End-of-forms indication mal- 
function 



10. Failure to recognize data checks 
could be caused by the BLOCK 
DATA CHECK LATCH or the 
FOLDING LATCH in 2821 (in 
UCB only) 



1 1 , Missing slug on chain or broken 
hammer 

12. 1401 compatibility missing last 32 
positions of print line 



1. Drive start-stop time maladjust- 
ment 



Check to see if the forward stop 
delay noise trigger ever comes 
on. Records con be skipped if 
it does 



Tape being used was generated 
bad at a previous date, possibly 
on another system 



4^ Detected hard errors not being 
handled 



Failures in special recognition 
circuits and command codes such 
as single tape mark records, 
noise bits, EOF, erase, back- 
spoce end forward space commands 



Notes and Hints 



Check interface cables in the 1051, 
the half board OlF-Al , and in 
the CPU on boards 01 A-C2 and C3 
(ALDPF521) 



Console request-in line may not be 
resetting properly (ALP PF021 ) 



Check PT & T to EBDIC Translate 
starting at PF 291 through PF 331 



Definite 1051 or 1052 printer 
failure 



1 . Check attachment clock timing; 
refer to note on ALD PFOl 1 

2. Check 1051 home loop single 
shots in 1051 manual page 
131TM 



Posssible that 1050-Request-in 
line not being reset (ALD PF071) 



1 . Is printer paper under interlock 

2. Is CPU switch off 

3. Check EPO switch inside back 
cover of 1051 



1 . Turn the 1052 CPU switch off. 
Type A through Z . If incorrect 
character prints, 1051 or 1052 
is at fault. 

2. On-line check the EBCDIC to 
PT & T Translate on ALD PF 
191 through 222 



Check job for proper chain and 
UCB deck 



Diagnostic F832 will check this 



Reinitialize UCB 



To ensure bock in sync, open and 
close T-casting or initialize the 
UCB. 



Test off-line 



Diagnostic F832 will check this 



One character or one print position 



Missing bit in COMP AUX 
storage-B of byte 8C. This bit is 
reset on 8K machines if operator 
presses the load key with 1402 in 
the F, G, H, and J switches; then 
does system reset, ROAR reset, 
and start 



Most probable cause 



This is usually a result of malad- 
justed drive start-stop times 



Check tape source, and the age 
ond condition of the tape 



Run job with error hold plugged on 
TAU 



Suggested Minimum 
Quick Check 



Run the read inquiry macro 
diagnostic 902 Vol 43 



Run the basic write function 
macro diagnostic 900 Vol 43 



Run printer macro diagnostics 

1 . F 832 (UCS printers) 
(2821 Vol 8) 

2. F 836 ripple print (2821 
Vol 8) 



Run the following macro 
diagnostics to check tape 
start-stop times: 
16K systems ~F521 and F522 
8K Systems— 3523 and 3524 
only 

All systems — for Diagnostic 
Check F510 

All tests are in MDP Tope/TCU 
(Vol 3) 



6. 1 400-compatibi I ity mode: check 
the operation of the GMWM latch 
on CPU ALD MB 022 



7. Failures with data convert, 
tronslate, and densities, either 
hardware or program failure 



Unit 
Description 



2841/2311 Files 



Symptom or Cause 



Two cards feeding piggy-back 
through reader 



Interface or 2821 failure causing 
data record to be cut short 



3. Any error check circuit not 
functioning would fail to catch 
input errors 



input errors 

4, Multiple pick or drop in reader 
buffer 



buffer 

5. Cards way off registrati< 



1 . Failure to give dummy write to 
punch at end of job allows one 
card to be left in punch. This 
card is not checked when 
nonprocess runout key is pressed 



2. Using EOF key on other than 
PFR can cause a missing record 
when cards are allowed to run 
out, new ones placed in 
hopper, ond job continued 



3. Punch check circuit failu 

conjunction with valid punch 
check 



4. See No. 2 on reader 



5. Punch buffer pick or drop of 
even bits 



1 . Intermittently missing data or 
receiving no-record-found 



Missing records resulting in 
no- record-found 



3. Missing or short-length records 
with no indications 



4. 1 400-compatibi I ity count 
fields and data fields located 
on the wrong cylinder. 



Notes and Hints 



Check reader throat adjustment; 
if near .020", this is o possibility 



Running cards with one set of 
brushes removed will check one 
possibility 



Very remote 



Check program for proper punch 
end procedure 



Use EOF on PFR operations only 



Lift punch brushes, check 
for errors when punched cards 
are fed 

Check the PCH BRUSH CL 
DELAY INT signal 



Head alignment problems can 
cause this. But if adjustment is 
made beware of causing new 
problems while trying to read 
packs written before odjustment 



1 . Hove customer temporarily 
add a patch to his program to 
do a read-back check after 
every file-write command 

2. Suggested programming 
procedure after no-record- 
found 

a. Read home address to ensure 
correct cylinder 

b. If not correct cylinder, a 
recalibrate command should 
be issued 

c. If correct cylinder, retry 
the original record at least 
10 times 

Note: STEP C may have to be 
patched in some operating 
systems 

3. Address marker detection circuit 
failure 



1 . Run 2841 in check-stop mode 
to ensure that all detected 
errors are caught and handled 

2. Address marker detection 
circuit failure and the program 
is not checking record 
identification 

3 . 2841 metering— in line is not 
forcing CPU metering-out 
when the CPU is stopped and 
the file command is still being 
executed. Check -0 channel 
to meter line on ALD KUOl 1 



The compare-disable bit 1400 AUX 
storage B UCW (XXI 0) bit was 
possibly on when data records were 
written. This bit should be on 
only during the original 1400 
formatting of the disk 



Suggested Minimum 
Quick Check 



Run macro diagnostics 

1. F821 routine 1~ 
(punch 27 cards) 
2821 Vol 8 

2, F811 routine 1 — 
(read same 27 cards) 
2821 Vol 8 



Same as 2540 Reader 



1 . Run the 2841 nonresident 
micro test — read/write 
100 address marks. 

2 . Run the 2841 macro test 
602 (MDP Vol A02) 

3. Run the 2841 interchang- 
ability macro test 613 
(MDP Vol AOl) 



DT Chart R Missing Records or Wrong Results (Sheet 3) 



SELECTOR CHANNEL | 


* SELECTOR LOG DATA 




** SELECTOR CHANNEL FLT 


1 . GUV - Data Address 


Channel 1 - 3447 Vol . 41 


2. GCD - Count 

3. GS - Status, Control, Error 




Channel 2 - 344AVol. 41 






Conditions 




4. GT - Inbound Tags, Control 




Information 




5. Next CCW Address from Local 




Storage. Channel 1 - 8E - 8F 




Channel 2 - AE - AF 








IChart I, 
J Sheet ] 
Chart W, 
Sheet 1 
Chart W, 
Sheet 2 



ASSUMPTIONS 



Assumptions: 



Lamp Test OK 
Console Logged 
Channel 1 Failure (If 
Channel 2, Replace 
G with H) 



Channel Control 
Interface Control 
Program Check 



Channel Data IL 
Protect Check 



Set During Share > 
Micro Cycles 



Set During Share 
Cycles Only 



008 Interface Trap 




IL .'Instruction Length) 
Progrum Check 
Protect Check 



Run Selector FLT 



Run Priority Controls 
Micro Diagnostic Repop 
Test 3347 (Vol 41) 



CPU Check Switch to 
Stop, Try Original Pro- 
gram Again 




Is This Your Initial Att- 
empt at This Failure 



Generally a Cable, Inter- 
face, or Control Unit 
Failure 



Selector Log # 



Check ROS Address 



I 92A Turns on Interface 
Control Check Latch 




Run- Selector FLT 



Suspect: 

1 . Error Check Circuits 

2. Bad GRGI Decode 

3. Bad GB Decode 



Suspect: 

1 . GR-Registers 

2 . GR Assembler 

3 . Data Path to GR 
Assembler 

4. Parity Check 

5. SALs Timing 

6. Skew on Bus-In 



Control Unit Problem or 
Cable 



Chart D, Sheet 1 



I Generally Main Storage 
I Failure on Output Op- 
I eration and Control Unit 
or Device on Input 







Run- Selector FLT * * 






Try Original 
Program Again 




Run Storage Protect Micro 
Repop. Diagnostic Test 
3350 (Vol 41) 



Subtract B from Logged 
CCW Address to Get 
Address of Failing CCW 



Generate a Macro Loop 
Using the Same CCWs 
as Failing Program 



Suspect: 

1 . Selector Channel Clock 
Failure 

2. Selector Priority 

3. Hardware Failure of 
Channel Control Check 
Latch 



Inspect Displayed Sel- 
ector Channel Command 
Register 




Output Operation 



Input Operation 



Suspect; 

1 . Main Storage 

2. Selector Channe 
Data Path 



Run Selector FLT 



Suspect: 

1 . I/O Device Bus Lines 

2 . Interface and Cables 

3. Selector Channel Line 
Receiver 

4. Path from Receivers 
to GR-Registers 



Run Selector FLT 



DA 
Chart D, Sheet 1 



Suspect: 

Hardware Failure of 

GR-Registers 



SB 
Chart S, Sheet 2 



Compare R-Register to 


Selector Channel Catalog 


Hpv 




No 


Meaning or Condition 


10 


Poll Control Timeout 




SIO, TIO, HIO 


20 


Queue Status Timeout 




SIO, TIO, HIO 


30 


No Address- In, 




Status-ln, or Select- 




In . (CCor Initial 




Select SIO, TIO, 




HIO) 


40 


Address Mismatch 




(SIO, TIO, HIO, or 




Command Chain) 


50 


No Status-ln or Init- 




ial Select (SIO, TIO, 




HIO, or Command 




Chaining) 


60 


Bad Address or Status 




Byte on Initial Sel- 




ect (SIO, TIO, HIO, 




or Command Chaining 


70 


Status-ln Timeout on 




Initial Select (TIO) 


80 


Status-ln Timeout 




on Command Chain- 


90 


ing 

Select-In on Com- 




mand Chaining Re- 




selection 


AO 


Control Unit Busy 




on Command Chain- 




ing 


BO 


Address Mismatch 




on TIO or Halt lO 


CO 


Stotus-ln or Oper- 




ation-ln Cannot Be 




Reset on CSW Store 


EO 


Poll Control Can- 




not Be Set on HIO 


FO 


Operation-ln Can- 




not Be Reset on HIO 



Suspect: 

1 . Error Check Circuits 



Run- Selector FLT * # 



Suspect: 

1 . Hardware Failure of 

Channel Data Check 

Latch 



DT Chart S Selector Channel (Sheet 1) 



Chart S, Sheet 1 





Inspect CSW Printout 
to Determine Failing 
CCW Address 



Display Failing CCW, 
Determine if CCW is 
Valid. Check: OP, Data 
Address, Count, Flags, 
Two Tic's, and CCW 
Addrest Invalid. 
First CCW a TIC on SIO 
CAW Invalid 




Set Address Compare 
Sv^itch to Early ROAR 
Stop 



Set Switches A, B,C,D 
to 095D 



95D Turns on Program 
Check Light 



Rerun Program 




I Hardware Turns on Pro- 
I gram Check Light 



Memory Wrap During 
Data Transfer 



Run- Selector FLT ** 



Suspect: 

1 . Wrap Detection Cii 
cuits 



Check WX Address 




I YES I H5 = 1 Turns on Selector 
CPU Status Light 



Error Occurred During 
Command Chaining 



Error Occurred During 
SIO 



Wrap in Selector ROS 
Request 



QD041 



Invalid TIC, Two TICs 

in a Row 

Invalid Low CCW Address 



CCW Wrap or Chained 
Data Count = 

Invalid Flag Byte or 
Invalid Operation 



Selector Log * 



Subtract 8 from Logged 
CCW to Get Address of 
Failing CCW 



Display Foiling CCW, 
Determine if CCW is 
Valid, Check: Op, Data 
Address, Count, Flags, 
Two Tic's, CCW Address 



Suspect: 

1 . Wrong Branch In Micro 
Program 

2. Hardware Failure of 
S-Register 

3. Decode of Program 
Check Latch 



Inspect Printouts; Check 
as Follows 



Subtract 8 From Logged 
CCW to get Address of 
Failing CCW 



Display Failing CCW, 
Check As Follows 




Device Not Sending or 
Accepting Enough Bytes 
to Channel 



Inspect Displayed Sel- 
ector Channel Command 
Register 




ILC Should Not Be Set 



IL Check Should Be Set. 
Must Adjust Count in CCW 



If Output Operation and 
GS0=1 (GR Full), Then 
Residual Count is GCD+l 




NO 




Device Trying to Send 
or Accept Too Many 
Bytes to Channel 



Device Not Sending or 
Accepting Enough Bytes 
to Channel 



Run- Selector FLT 4e' * 



Suspect: 

1. Circuit on GB 

2. ILC Latch 



SC 
Chart S, Sheet 3 
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Chart S, Sheet 2 




Selector Log * 



Inspect Failing CCW 



Input Operation 



Do Manual Storage Dis- 
play Using GUV Data 
as Address 





Output Operation 



Protect Check Should 
Not Be Set 



Run Selector FLT 



Display Q-Register Low 



Suspect: 

Circuits on KW061, Key 

Matching Circuits 



j Q-Register, P-4567 
I Bits = Odd . GK-Register 
Odd 



Run Storage Protect Micro 
(3350) and Macro (33C9) 
Diagnostic Test 



Do a Storage Protection 
Stack Adjustment as Out- 
lined in 2030 FEMM 
Chapter 4 




Protect Stack Failure 



GK Register Failure 



Run Selector FLT « * 



Run Storage Protect Micro 
(3350) and Macro (33C9) 
Diagnostic Test 



Do a Storage Protection 
Stack Adjustment as Out- 
lined in 2030 FEMM 
Chapter 4 



Could Be Program Problem 



Run Storage Protect Micro 
(3350) and Macro (33C9) 
Diagnostic Test 



For Additional Aid, Pro- 
ceed to the Device Chart 



^ 



Do a Storage Protection 
Stack Adjustment as Out- 
lined in 2030 FEMM 
Chapter 4 



Chart D, Sheet 1 



DT Chart S Selector Channel (Sheet 3) 




rt 1, Sheet 1 


rt H, Sheet 1 


1 

1 Assumptions: 


1 1 . That the Console 


1 Has No Red Indic- 


ators on As An End 


' Result 


1 2. All Peripheral l/O's 


1 in Use Appear in 


1 Ready Status with No 


1 Obvious Red Lights 


1 or Evident Mal- 


functions 



Check for Other 2030 
Wait Conditions 



I Wait Light on and WX 
Address Is OOAE CLD 




Chart F Sheet 1 



Unless the Rate Switch 
Is in Single Cycle or 
the Match Light Is on, 
This Condition Is Invalid 



HA Chart H, Sheet 1 




FFFF Displayed in A 
and B Registers 



Display Main Core Hex 
Address 0032 for Error 
Code 




Machine Check . Run 
SEREP- 3FEL (Vol. 40) 
to Edit the Diagnostic 
Scan Out Area 




Program Check Has 
Occurred . Storage 
Printout Should Be 
Available 



Consult BOS SRL 
Operators Guide, 
C24-5024, for Aids or 
Additional Action 



PA 
Chart P, Sheet 1 




Continue Only for 
Additional Aid 



Code 3F 



Chart W, Sheet 2 
WC 




Use Off-Line Tester: 
Especially Check the 
1050 Operational Line 



Put All 1052 Switches 
On-Line and Ensure 
That Paper Is Correctly 
Placed under the Paper 
Contact 



Suspect Loose Cables: 
1 . On OIF - Half Board 

2. In the 1052 

3. On OlA - C2or C3 
Boards 



Refer to the FE Maint- 



enance Manual, 
Chapter 1 



Refer to ALD Pages 
PF5XX 



Error Code Description 



Device Error 
Channel Error 



Chart W, Shee t 2 
WD 



' Remember Description for 
I Future Reference 



Display the Command 
Address in the CAW 



Core Locations (Hex) 
I 49, 4A and 4B (First CCW 
I Address) 



Display and Log the 
CSW Command Address 



'In Core (Hex) 41, 42, and 
J43 (Failing CCW + 8) 



Compare the CAW 
Command Address to the 
CSW Command Address 
Minus 8 




One CCW 



Chained CCW's 



Display and Log All of 
the CCW(s) 



Obtain; 

1 . Sense Information 
2 . Diagnostic Log Area 
3. Additional CSW 
Information 



For Best Results Run 
SEREP 3FE1 (Vol.40) 



I Unit Check, Unit 

I Exception, or Any Ab- 

. normal Combinations of 

, the Remaining Unit 



Status Bits 




DA Chart D, Sheet 1 



Chart M, Sheet 1 



Chart S, Sheet 1 




NO 



Device Not Operational 



Chart W, 
Sheet 2 



WB 
Chart W, Sheet 1 



Obtain Channel and 
Device Address 



I TOS/DOS - Display Core 
I 0002 & 0003 

I BOS Display Core 

I 3A &3B 




Ensure That Power Light 
on 1052 Is on 




If the Desired Device Is 
Ready, Try IPL'ing to It 
and Observe the Initial 
Selection Sequence 



^ 



This Technique Works 
With I/O Devices, too. 
Use the Initial Address 
Stop Portion of the IPL 
Flow Chart ROAR Stop 
Chart 1 



DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 1) 



Chart W, Sheet 1 




System Under Control of 
i Tape or Disk Operating 
Systems 



YES 





Display Main Core 
Location 0001 for Mess- 
age Code 



Consult TOS (C24-5021) 
or DOS (C24-5022) 
Operator's Guide for 
Aids or Additional Action 




Continue Only for 
Additional Aid 




Description 



Wait 



An Unrecoverable Error 
on the System Resident 
Device Has Occurred. 
RE-IPL Job or Check 
System Resident Device 
Off-Line 



Machine Check . Run 
SEREP - 3FE1 {Vol. 40) 
to Edit the Diagnostic 
Scan Out Area 



CA Chart C, Sheet 1 



WC Chart W, Sheet 1 



WD Chart W, Sheet 1 




NO 



For Wait State Aids 
Refer to DMA4/30 
Write Up in Section 5.4.1 
under ID3020 (Vol . 40) 



Additional Aid — Refer to 
the DMA Flowchart In 
the 2030 CE Handbook 
under Operator's Flow- 
chart A 



To Clarify Error Messages, 
the DM4 Message Editor 
310A (Vol. 40) Should 
Follow DM4 When Loaded 



Assemble All Available 
Data to Locate Failure 
or Categorize Symptom 
for Further Action 



Consult the Particular 
Operator's Guide and 
Make Use of Any Error 
Messages . 
Examples; 

OS— C28-6540 
TOE~C26-3564 



(Under Normal Conditions, 
I the Operator's Guide 
(Will Supply the Necessary 

l' 



Actl. 





I The CPU Waiting For An 
I Interrupt, But Wait 
I Loop Never Exited 




Display the Active PSW 
System Mask in 
- AUX Storage - 
(LS) 0B8 



I Bits on Allow Interrupts 



Compare the Stored 
Mask with the Outputs 
of the Hardware Latche; 
onALD FAll! 




' Bit 0— MPLX Channel 
' 1 — Selector 

I Channel 1 

I 2 — Selector 

' Channel 2 

I 7~External 



Hardware Failure 



Suspect: 

1 . Program Has 

Incorrect Mask 

2 . The Interrupt Key 

Does Not Turn off 
Bit 1 of the F-Regis- 
ter (Display the F- 
Register) 

3. 1050 Request Key 
Does not Turn on the 
1050 Request Light 
on the Console 

4. The Interval Timer 
Is not Functioning 



Use The Set IC Routine 
to Check the Storage to 
Mask Set 



Chart W, Sheet 3 




Store El in Local 
Storage System Mask . 
Set Rate Switch to 
Instruction Step, Press 
the SYSTEM RESET, Set 
IC and Start Keys. 
Hardware Mask Latches 
Should All Be Set On. 
All Should Gooff when 

IE Is Stored in System 
Mask and the Set IC 
and START Key Are 
Pressed 



I Did the Operating Super- 
I visor Automatically Log 
I Out Pertinent I/O Data 






YES 


Obtain: 

1 . The Resultant CSW 

2. The Failing CCW or 
CCW String 

3. The Sense Byte(5) of 








the Fail 


ing Unit 






' 


Normally the Failing 
CSW Is Still Located 


Using Obtained Data, 




Record the Following: 




in Main Core Hex Loc- 


1 . Channel and Unit 




ation 0040. Using the 


Address 




Command Address In the 


2. CSW Channel Status 




CSW Minus 8, Locate the 


3. CSW Unit Status 




Last CCW. Log All of the 


4. CSW Residual Count 




CCWs . The Rest of the 


5 . CCW Storage Key 




Information Is Best Obtain- 


6. CCW Flag Bits 




ed By Running SEREP - 


7. Failing Command 




3FE 1 (Vol 40) 




1 










Unit Check, Unit Ex- 1 






' ception, or Any Abnormal 






' Combinations of the 






1 Remaining Unit Status 






1 Bits 









Chart D, Sheet 1 




MA Chart M, Sheet 1 



Run In SEREP - 3FE1 
(Vol . 40) to Edit 
Diagnostic Log Area 



Q^ Chart C, Sheet 1 




PA Chart P, Sheet 1 



Unexpected 



YES 



None of the Above 
Categories 



XA 
Chart W, Sheet 3 



RunSEREP~3FEl 

(Vol . 40) 

1 . To See if Any Error 

Logs Exist 
2 . To Reset Error Log 

Area for Next Run 



WE 
Chart W, Sheet 3 



DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 2) 



Chart W, Sheet 2 



[^ 




Diagnostic Check 
Procedure 



Index 

Chart W, Sheet 2 



I Unexpected External 
I Interrupts 



Check the External Old 
PSW Program Mask 



Morn Core Locatl 



i 0018 



Follow the R/\V Storage 
Diagnostic Procedure 
Outlined in Item 4 of 
Test 3348 (Vol. 41) 



This Procedure Includes 
Basic Test BFF and the 
Priority CTRLS Micro 
Repop Diagnostic 



Run the Multiplexor 
Micro Repop Diag- 
nostic Test 3346 (Vol .41) 




I Bit 7— Allow External 
Interrupt 



If the Selector Channels 
Are Being Used, Run the 
Associated FLTs 



Run the CPU Standard- 
Set Macro Diagnostics 
ID 3201 through ID 3263 
(Vol . 42) 



(Volume 41) 
Selector Channel 1 

Test 3447 
Selector Channel 2 

Test 344A 



Additional Aids 



Hardware Should Have 
Blocked This Interrupt 



Suspect: 

1 . The External Inter- 
rupt Mask Latch 
(FA 111) Was Set 
Extra neously 

2. The External Inter- 
rupt Latch (RF041) 
Was Set Extraneously 




Determine From External 
Old PSW the Channel 
That Interrupted 



Place Check Control 
Switch to Stop 



I To Catch CPU Checks 
I and Certain Selector 
I Channel Failures 



Address Compare Switch 
to Early Roar Stop . 
Compare Address Switches 
(ABCD) to 0147 



Address 0147 Is An 
Indication Of a Program 
Check — The Preceding 
WX Address Indicates 
where The Program 
Check Came from 




Use the System/360 
General FE Handbook 
for the Code . The 
Core Location Is 001 B 



With the Above Con- 
ditions, Rerun the 
Failing Job 



i Check for the Match 
I Light or Console Red 
I Lights 



Suspect: The External 
Interrupt Latch (RF041) 
Was Set Extraneously 



If Failure Reoccurs, 
Programming Aid Is 
Necessary . If Sympton 
Changes, Use Approp- 
riate Chart 




Suspect: 

1 . Bad Interrupt Key 

2 . Bad F-Register 1 or 

Console Interrupt 
Latch on (RFOll) 



NO 



Suspect: Noise Setting 
the Associated F-Regis- 
ter Bit (RFOl 1 through 
RF03I) 




HEX Code 



YES 



Suspect; 

Timer Switch on or 

Faulty 



I HEX Codes 01, 02, 04, 
I 08, 10, and 20 



Suspect: 



Noise on the External 
Cable Setting the 
Appropriate F-Regis- 
Bit (RF Oil through 
RF031) 

Power Was Brought 
Up on Specific I/O 
Unit 



Multiple Interrupt Codes, 
Interrupt Codes Are Bit 
Significant and Byte 
Can Be Decoded 



I The State of These 
I Latches Has Probably 
I Been Changed 



Run the Direct Control 
Macro Test 34E1 (Vol. 43) 
and All Associated Tests 
for The I/O Unit 



DT Chart WX Walt and/or Error Messages, Unexpected External Interrupt (Sheet 3) 





Inspect for Signs of Over- 
heating at Gates, R/W 
Mem Units, C-CROS and 
Power Tower . On the 50- 
Cycle Machine there Are 
Two Thermal Switches in 
the Midpak Transformers 
That Open when Over- 
heated 



YZ042 




YES 



NO 



Power Up, Check Air 
Flow from All Blowers 




YES 




Thermal Light Returns 



Jumper Terminals On TB9 
to Locate Faulty Thermal 
Switch or Connection 

YZ042 




Repair or Replace Faulty 
Components. Thermal 
Reset and Press Power On 



Inspect Failing Supply and 
its Pluggable Cards. On 
Inv/Conv Machines Check 
the Outboard OV Assembly 
for Signs of Overheated or 
Burned Components . Check 
Inv/Conv Fuses 1 and 2 





1 



Intermittent Trouble. 
Check All DC Voltages. 
Check OV Trip Point of 
Failing Supply . Inspect 
Entire Power Area for 
Loose Wires and Screws . 
Check that Machine Is 
Wired Correctly for Act- 
ual Mainline Voltage 
(208/230) 



Different Supply 



Exchange Pluggable Cards 
in Failing Supply with 
Spares 




Should Not Happen 
for Mid-Pac 



Remove' Amplifier Card 
from Failing Supply. 
Power On 



Short in Load 



Disconnected Load from 
Supply at Feed through 
Capacitor at the Top of 
the Power Tower 




Power Transistor Shorted 
in Series Regulator 
(108 XSTR) 




Disconnect Distribution 
Branches Logically to 
Locate the Section of the 
Machine that Is Shorted . 
Logic YZ062 Shows the 
Primary Distribution for 
Each Supply 



Perform Conv/lnv Check- 
out Procedure Outlinec 
Chapter 5 of the 2030 
FEMM 



If Short Is on Gate, Iso- 
late at Laminar Bus to 
Locate Board 



Remove Cards Progressively 
to Locate Shorted Card on 
Board 




Check Power Line for 
Out-of-Spec Voltage 
Fluctuations. Check that 
Machine Is Wired Prop- 
erly for Line Voltage Con- 
ditions (208 or 230) 



Repair or Replace Faulty 
Components. Reset 
OV/OC Indication and 
Press Power On 



YB 
Chart Y, Sheet 2 



DT Chart YZ Power and LP Light (Sheet 1) 



Chart Y, Sheet ] 
YB 




Index 
ZA Chart I, Sheet I 



LP Light On 



Check TDR 1, Logic 
YZ041 



Check Air Pressure Gage 

Pump Starts at 3.9+ .3 

PSI 

Pump Stops at 6.9+ .3 

PSI. Refer to Chapter 5 

of 2030 FEMM and YZ044 



Power On Lamp Faik 





Determine Power On Seq- 
uence of Units from EPO 
Tailgate Plugging. Check 
Last Box Up and First One 
Not Up for Sequencing 
Trouble. Be Sure all Units 
Have Line Power . Check 
Stepper Switch and I/O 
Control Relays (RY8 thru 
RY15)for the I/O Position 
Indicated. See Logic 
YZ051, YZ052 



Pressure Sw *1 Failing 
or Needs Adjustment. 
Relief Valve Opens at 
8± .5PSI 



For the Following Checks, 
Press and Hold the Power- 
On Key if Necessary to 
Keep the Power-On Seq- 
uence initiated 





Check R/WMem *1 
Array Temperature Refer 
to Chapter 4 of 2030 
FEMM 



Check for 24VDC between 
EC4-1A(+) and EC 3-5A(-) 

(YZ041) 



Check All DC Voltages 
at Feed through Capaci- 
tors at Top of Power 
Tower 




Check: "^3 
K2 



Check for 28 VAC be- 
tween TB2-4 and TB2-7 




Check I/O Unit 
Line Power 



EPO Cables Properly 
Plugged 



CPU EPO Dummy Plug 
in Next Position after 
Last I/O 



Check Stepper Switch 
Operation - Refer to 
Chapter 5 of 2030 FEMM 
and YZ051 



Check: Kl, RY3, CRl 
CR2, CR3, CR4 
See YZ021 



Check: 

Mainline Power EPO 
Switch 
CBl 

Mainline Switch on 50- 
Cycle Only 
F2 

CB2 (Not on all Mach- 
ines) 

See YZ021 (60'v) 
or YZ121 (50ru) 




Air Leak . Check All Pump 
Hose and Air Bag Con- 
nections . Check Air Pres- 
sure Releif Valve . It 
Should Open at 
Si. 5 PSI 



Check Pressure Switch 1 
Adjustment. Check for 
Clogged Air Filter (Pump). 
Pump Motor Has a Thermal 
Cutout which May Have 
Operated . See YZ044 and 
Refer to Chapter 5 of 
2030 FEMM 




Array Temp Too Low 
Check Array Heater and 
Fan Operation YZ045 and 
Refer to Chapter 5 of 2030 
FEMM 



False Low-Pr, 
Indication. Check 
Pressure Sw '2 Opera- 
tion and Adjustment, 
See YZ044 and YZ045 



If Heater is Off, Check 
Conttoller Operotion 
and Adjustment . Note 1 



Cheek Individual Module 
for Missing Voltage 




Conv/lnv 




Check: 

CB2 (60/vi) Sulk XFMR 

Connections 

Thermal Switch (2) in 

SOA/Bulk XFMR Assembly 



Repalce Both Fuses 



Bad or No Output from 
Conv/lnv 



If Fuses Blow Again 
t 



Perform Conv/lnv Check- 
out Procedure Outlined 
in the FEMM. Refer to 
Chapter 5 of 2030 FEMM 



Repair or Replace Faulty 
Components 



DT Chart YZ Power and LP Light (Sheet 2) 



IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE 



OVERALL SEQUENCE FOR 
1st CARD 



DETAILED SEQUENCE FOR 1st CARD 
INFORMATION ROS ADDRESS LOGIC PAGE 



Set F G H J Switches to 
Device Address 



Depress IPL Key 



BFF Runs 128 Times 



IPL Routine Forces 1st CCW 
in Core 00, Format 020000- 
0060000018 Command 
Chaining On 



Force SIO,Execute 1st CCW 



Determine if Using Sel 
Chan or Mpx Chan 
S2=l=Sei 
S2=0=Mpx 



Init Sel Seq Start 



Start Data Handling Seq 



Stop Data Handling Seq 
When CT=0 



CE,Check CE Status for 
Error, Issue Serv Out 
Do Not Put CE in IB 
Feed a Card 



Trap to 010 



DE Status,Check,Service 
Out Issued 



1st Card Loaded 

1 . PSW in 00 

2. CCW in 08 

3. CCW in 10 



OVERALL SEQUENCE 

FOR DATA FLOW 

2nd CARD 



MPX or SEL Channel 

S2-1=Sel 

S2=0=Mpx 



- 588 QCOl 1 



Addr Out-Supp Out 5AO QC051 



Addr Out-Sel Out | 1 59D | 

Op In 



QC051 



Opln-Addrln 



— 5A8 QC051 



Stat In-Op In 



-- 5B0 



QC051 



Enter Data Loop 



6C1 



QC231 



Op In-Serv In 
Count=0 



62F QC081 



Op In-Stat In 
FNCE 00001000 
Feed Card 



61 D 



QC081 



Supp Out-Stat In- | 1 638 | - 

Op In FI=CE Issue 
Serv Out 



QC121 



Supp Out 



67A QC161 



Trap to 010 Caused 
by DE Int 



010 -- 



QC201 



Check for Stat In 



6C1 -- 



QC231 



Serv Out Issued to [ 1 6B1 | 1 QC131 

Stat In 



Start Getting Next 
CCW 



6B9 -- 



QC131 



Finish v^ith CCW 
Ready to Execute 



1 5E9 I 1 QC031 I 



DETAILED SEQUENCE FOR 2nd 
INFORMATION ROS ADDRESS 



CARD 
LOGIC PAGE 



Force Start I/O To 
Execute 2nd CCW 






Initial Sel Seq 






Data Handling Start 






Control Unit Initiates 
The CE Sequence 






CE Status Checked 
for Error, CE Not Put 
In IB,Feed Card 






DE Causes MPX Channel 
Trap to 010 






DE Status Checked^OK, 
Serv Out Issued 






2nd Card Loads Data 
Starting at Addr 288 



Addr Out-Supp Out SAO QC051 



Addr Out-Sel Out 
Op In 



59D QC051 



Opln-Addrln 



5A8 QC051 



Stat In-Op In End 
of Initial Sel Seq 



5B0 I — 



QC051 



Enter Data Loop 6C1 QC231 



Cont Unit Ends 
Data Handling 



6A7 



QClll 



Supp Out-Stat In 
Op In FI=CE Issue 
Serv Out 



1 638 1 1 QC121 



Supp Out 



67A QC161 



Trap to 010 Caused 
by DE Int 



010 I 1 QC201 



Check for Stat In | 1 6C1 [ 1 QC231 



Serv Out Issued 



6B1 



QC131 



Start Getting Next 
CCW 



1 6B9 I 1 QC131 



Finish w\th CCW 
Ready to Execute 



1 5E9 I 1 QC031 



IPL Three Card Hex Loader— MPX Channel Burst Mode RS Chart 1 (Sheet 1) 



IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE 



OVERALL SEQUENCE FOR 
3rd CARD 



DETAILED SEQUENCE FOR 3rd CARD 
INFORMATION ROS ADDRESS LOGIC PAGE 



Force SIO to Execute 
3rd CCW 



Initial Sel Seq 



Data Handling Start 



Handle CE Which Was 
Initiated by Control Unit 



CE Back to CPU,Checl<ed 
for Error Status,OK, Issue 
Serv Out,CE Not Put In 
IB, Feed 3rd Card 



IPL Windup Routine 
Reset Load Light 



Go to Load PSW Routine 
to Setup 1st PSW from 
Main Storage OOP 



010 Trap Caused by DE 
Int 



Check Dev End Status 
Store Device Addr and 00 
Status in the IB 



Issue Comm Out if Stat 
Good 



Go to I Cycles 



Addr Out-Supp Out 5AO QC051 



Addr Out-Sel Out | 1 59D | 1 QC051 

Op In 



Op In-Addr In 5A8 QC051 



Stat In-Op In, End 
of Initial Sel Seq 



5B0 QC051 



Enter Data Loop 



6C1 



QC231 



Control Unit End 
Initiates CE Status 
Prepare for IPL 
Windup 



647 



QC121 



Reset Load Light 6FE QC351 



Enter LPSW Rtne 



0377 QA921 



I Cycle Start 



109 QAOOl 



DE Stat Causes 
Trap to 010 



010 QC201 



Load IB with Dev 
Addr 



1 63D I 1 QC121 



Load IB with 00 Stat| 1 640 | 1 QC121 

Issue Comm Out to | \ 64D | ] QC121 

Stat In 



Restore CPU 



6D9 



-- QC311 



Restore WX Reg 67F QC311 



IPL Three Card Hex Loader— MPX Channel Burst Mode RS Chart 1 (Sheet 2) 



SELECTOR CHANNEL - TAPE & FILE IPL 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



IPL Key 



System Runs BFF 
128 Times 



IPL Forces 1st CCW in 
MS 000,1st CCW Fomnat 
02000000 
60000018 



Gate SWS GHJ for 
Device Address 



Check S2 for Sel Channel 

S2=l=Sel 

S2=0=MPX 



Initial Sel Seq 



i 



Enter IPL Wait Loop 
for Data Cycles 



OOB Trap Caused 
by DE,CE 
and Chaining 



Issue Serv Out 
Bring Up Supp Out 



Get 2nd CCW and 
Put it in Sel Channel 
Registers 



Initial Sel Seq 

go to IPL Wait Word 




008 



Check for Sel or 
MPX Channel 
S2=l=Sel 
S2=0=MPX 



588 



QCOll 



Check for Sel # 1 or2 
S7=l=Sel 1 
S7=0=Sel 2 



919 



QDOll 



CC & SLI Flags 



919 QD051 



Addr In-Op In 
Sel Out 



93A 



QD051 



Comm Out Issued 



For File 
See Note on 
Sheet 2 



993 



QD081 



Stat In, Stat in the 
GR Reg 



— 9BC — 



QD081 



Check Channel 
Stat=To 



— 97A — 



QD081 



Tape Motion Occurs 
After Execution of 
This 



9C1 



QD091 



IPL Wait Word 



954 QD091 



OOB Trap Caused by 
DE,CE And Chaining 
Op In-Stat In-Supp 
Out 



OOB 



QDlll 



DE and CE in the 
Data Reg 



OOC 



QDin 



Serv Out Issued to 
Stat ln,Should Not 
be Displ on Console 



OFD 



QDlll 



Supp Out-Up 



98B 



QDlll 



Addr Out, Addr of 
Device in 
Data Reg 



937 



QD061 



Addr Out-Supp Out | 



972 



— QD051 



Op In -Addr In 
Sel Out-Supp Out 



922 QD051 



Comm Out Issued 
Should not be Dis- 
played on Console 



— 993 — 



QD081 



Op In-Sel Out 
Stat In-Supp Out 



9F4 QD081 



Stat in Gr Reg 



9BC 



QD081 



Serv Out Issued 
Tape Moves 
Supp Out-Up 
I 



9C1 



QD091 



IPL Walt Word — 



954 



QD091 



Selector Channel— Tape and File IPL RS Chart 2 (Sheet 1) 



SELECTOR CHANNEL - TAPE & FILE IPL 



OVER-ALL SEQUENCE 




008 Trap Ending Sequence 
Caused by DE and CE 
No Chain 






Reset Load Light 






Begin Load PSW 






Go To 1 Cycle Start 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Op In-Stat In 
Sel Out 



— 008 



QD121 



Op In-Stat In 



AOl 



QD121 



Test IPL 



A02 QD121 



Issue Serv Out 
Should Not Be 
Displayed on the 
Console 



AOB 



QD121 



Drop Op In-Stat In 



AlO 



QD121 



Reset Load Light 



Device Addr 
In R Reg 



Begin Load 
PSW Routine 



I Cycle Start 



— 6FE — 



QC351 



6F9 



QC351 



377 



QA921 



109 



QAOOl 



NOTE: 

1 . File Control Unit Decodes the 02 as a Read 
IPL 

2. Control Unit Causes a Seek to Cylinder Zero 

3. Selects Head Zero 

4. Search Address Mark on Record One 

5. Reads Record One Data Field (24 Byte Loader) 

6. Present Ending Status 

7. Channel takes an OOB Trap if Chaining Is 
designated in the Selector Channel OF 
Register 



Selector Channel— Tape and File IPL RS Chart 2 (Sheet 2) 



I OBJECTIVE APPROACH TO CHANNELS 



A. Enter the following program using the illustrated 
variables desired to simulate your failure. Enter 
the program by usii^ either manual store or BF6. 

NOTE: Clear Memory using BF8 prior to enter- 
ing program. 

Review of BF6 procedure: 

1, System Reset 

2, Set IC to 1st Address to be Altered 

3, Roar Reset to BF6 

4, Start 

5, Set Switches HJ to Desired Character 

6, Start 

7, Repeat Step 5 & 6 until Data Entry is Complete 

8, Set IC to 500; Depress Start 



By insertion of the following instructions in front 
of the I/O program, we can simulate customer 
operation. This is accomplished by introducing 
a time constant prior to execution of the I/O 
program. 

MAIN STORAGE ADDRESS 

Load Reg 04F8 41 10 01 00 

Branch on Count 04 FC 46 10 04 FC 



0500 



Beginning of I/O 
Program 



In the above example, we load register 1 with a 
value of Hex 100 which in turn causes the Branch 
on Count instruction to cycle 256 times prior to 
entering the I/O program. It should be noted that 
by changing the address in the Load Reg instruc- 
tion varies the cycle time on the Branch on Count 
instruction. 



MAIN STORAGE ADDRESS 



Test I/O 0500 9D 00 

0504 47 70 

Start I/O 0508 9C 00 

050C 47 70 

0510 47 FO 



OX 
05 
OX 
05 
05 



XX 
00 
XX 



08 
00 



^Channel And 
Device Address 



CAW 0048 

CCW 0600 

Command ^ 

Code 

Write 
Read 
Write/Space 



00 
XX 



00 
00 



06 
07 



00 
01 



20 00 00 

Count ► 



XX 




Less Than Buffer Size 

Buffer Size 

Less Than Buffer Size 

Buffer Size 

Less Than Buffer Size 

Buffer Size 



PROGRAM FLOW IN INSTRUCTION STEP FOR SELECTOR/MPX CHANNELS 




ForMPX Page 4. 12 
For SEL Page 4. 17 



ForMPX Page 4. 13 
For SEL Page 4. 17 



Address of Next Instruc- 
tion Displayed in A & B 
Reg In Instruction Step. 

NOTE: Initial Test I/O 
after System Reset has: 

CC = 0, 

IB = 00 

CSW= 00 

Condition Code settings 
shown in charts are after 
execution of Instruction. 



MPX - Channel 
Address Trace 




















500 


504 


500 


504 


500 


504 


508 


50C 


510 


Condition Code 


1 




1 
















Interrupt - Buffer 


00 




00 




00 




08 






CSW - Byte 44 


08 


08 


04 


04 


04 


04 


04 


04 


04 


CSW - Byte 45 


00 


GO 


GO 


GG 


00 


GO 


00 


00 


00 



SEL- Channel 
Address Trace 
















500 


504 


500 


504 


508 


50C 


510 


Condition Code 


1 




1 














CSW - Byte 44 


oc 


OC 


OC 


OC 


OC 


OC 


OC 


CSW - Byte 45 


00 


00 


JO 


00 


00 


00 


00 



Objective Approach to Channels RS Chart 3 (Sheet 1) 



TEST I/O - MPX - PRINTER - READER - PUNCH 



No 



QC051 



SAO 



— Address Out 



QC051 



— 59D Select Out 



QC051 



-- 5A8 



— Op In-Addr In 



QC051 5BD — 



Comm Out 



QC051 5B2 — 



Status In 



QC071 -- 569 



Serv Out-Stat In 
Drops 



Yes 




Yes 



5FC 



- QC041 



UCW Addr=lnter Buff 




5F1 



- QC141 



On 




Off 



Partial CSW Store 



Complete CSW Store 



Allow Traps 57C or QC161 

57 D 



Turn Off Active Bit 
If S2=l 



Three Passes are Made Thru This Routine, 
Flow Determined by Following Decisions: 

Pass 1 - Active Bit On 

Pass 2 - Active Bit Off and Status Non Zero 

Pass 3 - Active Bit Off and Status 00 

MPX - SIO INITIAL SELECTION 



— 551 QC401 



Store Condition Code 



SEA QC1S1 



Return to I Cycles 



NOTE: Pass Thru SEA 3 Times 
Pass 1 and 2, CC=1 
Pass 3, CC=0 
CC Displayed in MSDR 
Address XOBB in MSAR 



SEQUENCE 



ROS ADDRESS 



LOGIC PAGE 



Op Out 



Addr Out 



1 SAO I 1 QC051 



Sel Out - Add Out S9D 



QC051 



Op In - Addr In 



5A8 



QCOSl 



Comm Out 



5BD 



Stat In - Op In 



5B0 



Serv Out 



609 



QC071 



Data Loop Entry 



6C1 



QC231 



Exit to Proper Routine is Dependent 
on the Count Fid and Mode Setting 



I Not Displayed Due to Very Short 
Q^Q^^ Duration Command is On Bus Out 



QCOSl Display Fl for Status Byte 



Objective Approach to Channels RS Chart 3 (Sheet 2) 



MPX - SIO INPUT/OUTPUT BURST OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE 



Less Than Buffer Size 



CE Alone simulates a Run Condi- 
tion and can be achieved with 
following sequence: 

1 . Roar Stop at 62F 

2. Set Roar Stop to 67A 

3. Activate Start Key twice 
rapidly to eliminate stop at 
61 D and assure stop at 67A 
before Card is fed 




ROS ADDR 
LOGIC PAGE 



Ct = To Buffer Size 



CE alone to simulate Run Condi- 
tion. 

1 . SAR Stop 74F 

2. Roar Stop at 67A 





671 




QC081 








688 




OC081 



No 




Ct=Zero, S2=0 
Set G6, G3 = (n) 
Br on SV, SVI 



690 



OC081 



Count = To Buffer Size 




Ct Zero, Send Cmd Out 

Set G6, G3 = (01) 

Ct = 30 - Less than Buffer 

Size 



62 F 



OC081 



Status In 

Branch on G6, G3 



672 



QC091 



6A5 
QClll 



Read out UCW Byte 
(Status), Store WLR if no 
SILI Bit, G6, G3= (01), 
Cmd out to SVI 




Read out Status Byte of 
UCW - G6, G3 = 1 1 
Count = To Buffer Size 



6A7 



Qcni 



Read out UCW Byte 1 
Op & Flags 



Check UCW Active, Test 
Bit 5. of UCW Byte 1, 
Active Set S2=l 



Branch on IPL 
Test Ft - Bus 



Branch on IB Full 





6A8 




QClll 








6AD 




QClll 








647 




OC121 




}IPL 




63A 




QC351 








650 




QC121 



63C 



QC121 



IB Full 

Read out Status Byte 



Yes 




IB Empty, Load Unit Addr 
into IB LS 88 



63 D 



QC121 



MPX— SIO Input/Output Burst or Byte Mode RS Chart 4 (Sheet 1) 



MPX - SIO INPUT/OUTPUT OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE 



ROS ADDR 
LOGIC PAGE 



64E 



QC121 



- Check IB for CHE 



64D 



QC121 



Status In, Fl = CE 



UCW Active, This is DE 
Status, Send Cmd-Out to 
Stack Status, Set S6=l to 
Indicate DE Status 



63 E 



QC121 



First Status from Unit 
Store Status in IB 
Serv-Out To Status-ln 



Branch on Op-ln 
Wait for Op-ln to Fall 



Op-ln down. Exit toVCW 
Restore Entry, Unit 
dropped off Interface 



Begin UCW Update 
Fl = Device Addr 



Exit UCW Restore, Enter 
CPU Restore 



Branch out of CPU Restore 
if MPX Req In is active 



6E1 



QC311 



MPX Req, Set S6 to 
reflect G5 Branch to Req 
Entry 



Yes 




No Req, UCW Active, 
34, G5 = (ll) 



Turn off MPX Oper Latch 
Return to I Cycles 



! Cycles next Op Code 
displayed in MSDR 



MPX CHANNEL SHARE REQUEST ENTRY 



Branch on, Req - In 



Cmd-Out (Proceed), Turn 
on MPX Operation Latch 



Load UCW Op & Flag 
Byte into G Reg for 
Branching Stat-ln, FI=DE 



UCW Active S6, Read out 
Data Addr from UCW 



Entry Final, Housekeeping _ 
Routings 



Entry to Data Loop or 
Status Branch on ST, SVI 



ST 




SVI 



<<? 



638 



QC121 



67A 



QC161 



675 



QC161 



6CD 



QC301 



664 



QC301 



6D9 



Qcsn 



6E3 



QC311 



180 



QC3n 



109 



QA001 





A70 




QC211 








6D4 




QC211 








6BD 




QC221 








65 F 




QC221 



6C4 



QC231 



6C1 



QC231 



MPX— SIO Input/Output Burst or Byte Mode RS Chart 4 (Sheet 2) 



SELECTOR CHANNEL 



CAS FLOW SEQUENCE 



ROS LOGIC 

ADDRESS PAGE 



Check for Sel or 
MPX Channel 
S2-l=Sel 
S2=0=MPX 



— 1588 I iQCOn 



Check for Sel *1 or 2 
S7=1=Sel 1 
S7-2=Se! 2 



1919 I - iQDOn 



Addr Out 



] 1 935 I |QD051 



|Op ln,Add ln,Sel Out ~1 — — |93A | |QD051 | 



Command Out Issued "~| 1993 | |QD081 | 



I Op In, Sel Out, Status In I— — |9F4 I 1 QD081 

I 

I Stat In, Status in GR Re^~h - — |9BC | |QD081 



Check Channel 
Status=To "0" 



|97A I IQD081 



Data Transfer begins after 
execution of the word 



|9C1 I IQD091 



Op In, Sel Out, Status in 
after end of Data Transfer 




— |9C3 I |QD091 



1 105 I 1 QA001 



The Channel 

A. The Channel Returns Control to the CPU. 

B. Control Unit Presents Ending Status. 

C. 008 or OOB Trap is Taken Depending on Chaining. 



Trap to 008, no Chainin"g~~| — — | 008 | |QD121 [ [ Trap to OOB Chaining | [OOB \ — i— | QDIII [ 



CE & DE no Chaining 
Op In, Stat In, Sel Out, 
This branch taken on final 
CCW 



1 0081 IQD121 



Op In, Stat In 



] |A01| 1QD12] 



Issue Serv Out should 
not be displayed on 
Console 



|A0B| IQD121 



I Drop Op In, Stat In ~| [aTTI |QD121 ) 



Reset ROSAR to Add of 
dead cycle ROS word 



|9F1 I iQDin 



I Return to I Cycles ^] 



Selector Channel RS Chart 5 (Sheet 1) 



TRAP, CHAINING ON SELECTOR CHANNEL 



CAS FLOW SEQUENCE 



ROS 
ADDRESS 



LOGIC 
PAGE 



OOB Trap caused by CE, 
DE and Chaining 
Op In, Status In, 
Supp Out 



1 OOB I iQPm 



"CE" and/or "DE" in the 
Data Reg 



loocl iQpni 



Serv Out issued to Stat In 
Should not be displayed 
on Console 



I Supp Out~ 



lOFD I loDin 

] |98B I iQPm 



Addr Op Device in the 
Data Reg 



— 1937 I IQD061 



I Add Out, Supp Out [ — — 1972 | 1 QD051 

- H922 I IQD051 



Op In, Add In 
Sel Out, Supp Out 



Comm Out issued should 
not be displayed on 
Console 



Op In, Sel Out 
Status In, Supp Out 



I 



Serv Out issues Data 
Transfer begins 
Supp Out 



Restore ROSAR 
Set H5 = 
Channel will Trap 







1 993 I IqDOSI 



— |9F4 I IqDOSI 

I Status in GR Reg ~f — — |9BC | |QD081 

— |9C] I IQD091 



—[WT] iQDin 



On File Seek Op - If access moves, gets DE 
only 



Store CPU into Local Storage Registers 



Set up next CCW Address from Local Storage 
Address 8E and 8F for Sel Ch 1 
AE and AF for Sel Ch 2 



Next CCW is read out of Main Storage and 
put in Channel Registers 



Selector Channel RS Chart 5 (Sheet 2) 



SELECTOR CHANNEL TIO AND SIO 



SEQUENCE 



ROS ADDR LOGIC PAGE 



SEQUENCE 



ROS ADDR LOGIC PAGE 



TEST I/O 



START I/O 



Addr Out 



99D 



— QD071 



Op In -Addr In - Sel Qui— 99C QD071 



Op In - Addr In 



— 9B6 QD081 



Op In - Stat In 



-- 9BD QD081 




Set CC = 2 




98A — 



QD021 



SetCC = 98A — 



QD021 



Store CSW 



^ I f 



QD131 



SetCC = 1 ■ 9SA QD021 



Retu/n to I Cycles 



109 QAOOl 



Addr Out 



935 



QD051 



Op In - Addr In 
Sel Out 



— 93A QD051 



Op in - Sel Out 
Stat In 



— 9F4 QD081 



Serv In - Sel Out 
Op In 



— 9BF 



QD091 



Op In - Sel Out - Stat 
In -CC = 



9C3 



QD091 



Return to I Cycles 



— 109 QAOOl 



Chan End Dev End Trap — 008 QD121 



Set intr Lt 



— I AOl I |QD121 



Return to Interrupt 
Micro Program 



This Trap Can Occur Either in Branch or in 
TIO Instruction. 

If Roar Stop at 986 is Used, the Program Stops 
in the TIO Instruction at the Point Where 
CC = 1 is Set and the Trap is Already Taken 
ie. After Restart the Program Goes One More 
Time Through the TIO Instruction in Order to 
Set CC = 



Selector Channel TIO and SIO RS Chart 6 (Sheet 1) 



1400 COMPATIBILITY I CYCLE 
500 M 555 666 
507 B 
555 
666 2 
OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Readout OP Code Check — 
OP Code for WM 



1400 OP Code = 94 | \ HCDl 1 QEOOl 

displayed In R-Reg 
R-Reg Bit 1=0=WM 
I Op of I Cycles 



Set Up Addr To Readout the 
Bit Signfc. OP Code read- 
out Bit Signfc OP code 
should be 80 Check for in- 
val. OP Code Check Bits 



0& 1 of Bit Signfc, 
Code 



OP 



MN= Addr of Bit I 1 11 F2 | 1 QEOOl 

Signfc. OP Code,R= 
Bit Signfc. OP Code 
inval. OP Code tested 
on prior word 



Store B Star in Aux A 
Storage 8A 



Save B Star for 
possible Store B-Star 
Op Code 



1110 



QE011 



Readout Hundr. Byte of 
A-Field Addr 



Hundred Digi 


tof A- 


Field 


will be 


in R- 


Reg 







111B QE011 



Readout Tens Byte of A- 
Field Addr 



Tens Digit of A- 
Field will be in R- 
Reg 



112F QE01 



Readout Units Byte of A- 
Field Addr 



Units D 


git o 


fA- 


Field w 


II be 


In R- 


Reg 







15E4 QE051 



Readout Hundred Byte of 
B-Field Addr 



Hundred Digit of B- 
Field will be in R- 
Reg 



119E 



QE061 



Xfer of B-Star to A-Star 



I.E. A-Field Hex 
equiv. Addr is now 
in LT Reg 



— 11A5 OE071 



Readout Tens Byte of B- 
Field Addr 



Tens Digit of B-Field 
will be in R-Reg 
Check for index 



112F QE011 



Readout Units Byte of B- 
Field Addr 



Units Digit of B- 
Field will be in R-Reg 

B-Reld Hex Equival. 
Addr is now in UV Reg 



15E4 QE051 



B Star Complete 



1 






Readout Possible Modifier 
or next OP Code, Check 
forWM 




In this program 
Example - B 














Do E Phase of Move OP 





1198 



QE061 



119C QE061 



1400 Compatibility I Cycle RS Chart 7 (Sheet 1) 



1401 COMPATIBILITY PUNCH OPERATION - I-CYCLES FOR 4 OP 



444 4 

445 B 444 
449^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Readout 1401 Op Code 
Check Op Code for a WM 



Set Up Address to Read 
Out the Bit Significant 
Op Code, Readout Bit Sig- 
nificant Op Code. Should 
be 24, Check for Invalid 
Op Code,Check Bits Oand 
1 of Bit Significant Op 
Code 



Readout Hundreds Byte 
ofB-Field. Test Bit 001 
of Bit Significant Op 
Code. Check for a One 
Character Op 



1401 Op Code Dis- 
played in R-Reg . 
R-Reg Bit 1=0=WM 
I Op of 1401 



■- \ iiCD I Iqeooi 



MN=Address of Bit 
Significant of Code. 
R=Bit Significant Op 
Code in Valid Op 
Code Tested on Prior 
Word 



11F2 QEOOl 



Hundreds Digit of 
B-Field Will be in 
R-Reg. R-Reg = 
Hex 82. R-Reg Bit 1= 
0=WM= 1 Character 
Op 



lllA 



QEOll 



Check Bit Significant Op 
Code Bits 2 & 3 



G-Reg Bit 2 & 3 
Are Tested 



lies QE081 



Decode Row 2 



1072 



-QE411 



Test for PMS 



Z=0- No PMS 



17AO QG021 



Do E-Phase 



1401 COMPATIBILITY PUNCH OPERATION - EXECUTE 

444 4 

445 B 444 
449 _^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 





1 






1 


1401 Op Code is Dis- 
played in the R-Reg 





IICD 





QEOOl 


1 uycle itart r 




























Get Bit Significant Op 
Code From Bump Storage 




Bit Significant Op 
Code Displayed in 
R-Reg 





11F2 





QEOOl 


































Start of Op Decoding 








QE081 




IICB 
















Test for PMS on This Op 








QG021 




17AO 
















Do I/O Common Set-Up 




. 




QG581 




1824 


















^ 1 










Issue Sense Command 


P 


Addr Out 





1898 





QG531 




V 




1 














Status will be clear 
only if no cards have 
been punched in 
1401 Mode 


1 


Op In - Sel Out 
Addr Out 





1898 





QG531 






2i2d_titT 


e 






1 










/ 


I-- 


Op In - Addr In 
Sel Out 





189A 





QG531 




1 




2n_d2iiT 


e 






1 








> 


1 


Op In - Stat In - Sel 
Out FI = 14 or 00 





188C 





QG531 , 


^^Initial^v 

^ Stat of Sense N. 










Yes Fl=14 












Fl = 00 = Not Busy 
FI = 14 = Busy 






'N. Comm Has y^ 
N. Busy f^n y^ 


i 








r ^ 

No 
FNOO 


r 
















Clear Stat at Device 
by Issuing Serv Out to 
Stat In 




Fl = 14 to come this 
way, DE and Busy 




18FA 





QG591 





























Fl = 00 to come this 
way 





18A9 


QG531 










Issue Serv Out to Stat In 























Serv In Comes Up 


1 


Op In Sel Ou* - 
Serv In Fl = 00 





1871 





QG531 

















1401 Compatibility Punch Operation RS Chart 8 (Sheet 1) 



1401 COMPATIBILITY PUNCH OPERATION - EXECUTE 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



_. , 


1 




Set S-Reg Bits if 
Sense Byte has Bit 
7 On 





1843 


1 


QG531 


Check Sense byre ] 
























Send Serv Out 








QG531 




18A9 




















Wait For Stat In 
Fl = CE & DE 


__ __ ^ — _ __ -_ _ __ — _ 


Op In - Sel Out 
Stat In Fl = OC = 
CE& DE 





1872 


1 


QG531 






























Issue Serv Out to Stat in 


^ 


Op In - Stat In 


- — 


18FA 





QG591 






1 














1 


All Tags Off 


1 


18F4 





QG591 
















Initial Sel Seq for SIO 


1 


Addr Out 





1898 





QG531 






1 

1 1 

1 
1 








-H 

le 






Op In - Sel Out 
Addr Out 




1898 
2nd tia 


QG531 




1 
1 








1 


Op In - Sel Out 
Addr In 





189A 





QG531 






2nd time 






1 








1 


Op In - Sel Out 
Stat In FI = 00 





188C 





QG531 




















Check Initial Sel Seq Stat 








QG541 




1867 
















Issue Serv Out 




18B0 









QG541 
















Set Up Converted 1401 
Addr - Set FO Into 1401 
Addr 100 




MN = Converted 
1401 B-Star Addr 
R = FO 





186C 





QG541 






















Go Into Data Handling 
Routine 




18F3 





QG521 




















Control Unit Ends Op 
by Presenting CE Stat 




Op In - Stat In 
Sel Out FI = CE 




1 ooo 


1 


QG521 




"1 '"^'' r 




















Check Ending Stat for 
Errors, Unit Check or 
Unit Exception 




181B 





QG521 






















Reset Sel Out 


— — 


Op In - Stat In 
FI = CE 





1819 





■ QG521 






















Change Bit Significant 
Op Code in G Reg from 
24 to 20 




1890 





QG521 












Update B Addr to 1401 
Addr of 180 




1819 





QG521 






















Send Serv Out In Response 
to Stat In 




After Execution of 
This Word All Tags 
Will be Off 





1818 





QG571 






























Return to ! Cycles 




1100 





- QE001 



1401 Compatibility Punch Operation RS Chart 8 (Sheet 2) 



1401 COMPATIBILITY READ OPERATION 



444 T_ 

445 B 444 
449 _^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



I Cycle Start 



1401 Op Code Dis- 
played in R-Reg 



-- ncD 



-- QEOOl 



Get Bit Significant Op 
Code from Bump Storage 



Bit Significant Op 
Code Displayed in 
R-Reg 



- 11 F2 QEOOl 



Start Op Decoding 






Test for PMS on This Op 



17AO I 1 QG021 



Do I/O Common Set-up 



1824 



- QG581 



Issue Sense Command 




Stat Will be Clear Only 
if no Cards Have Been 
Read in 1401 Mode 

7 



Yes 



Clear Stat at 
Device by Issuing 
Serv Out 



Addr Out 



1898 QG531 



f- 



r 



L. 



Op In - Addr Out 
Sel Out 



11898 I 1 QG531 



'|2nd time 



Op In -Addr In 
Sel Out 



|189A I 1 QG531 



j2nd time 



Op In - Stat In 
Sel Out 



|188C I 1 QG531 



Fl = GO = Not Busy 
Fl = 14 = Busy 



i Fl Would Have Been 

Hex 14 to Come This 
Way Op In - Stat In 



18FA I 1 QG591 



Issue Serv Out to Stat In 



Fl Would Have Been | [18A9 | 1 QG531 

00 to Come This Way 



Serv In Comes Up 



Op In - Sel Out 
Serv In - Fl = 00 



1 1871 I 1 QG531 



Check Sense Byte 



Set S-Reg Bits if 
Sense Byte Has Bit 7 



1843 



1 QG531 



Send Serv Out 



18A9 



QG531 



Wait For Stat In 
Fl = CE & DE 



Op In - 


■ Sel Out 


Stat In 


- Fl = CE DE = 


OC 





1872 



QG531 



Issue Serv Out to Stat In — 1 — 



Op In - Stat In 



18FA QG591 



- Ail Tags Off 



18F4 QG591 



Initial Sel Seq for SIO 



Addr Out 



1898 



QG531 



Addr Out - Op In 
Sel Out 



- I 1898 I 

I 2nd time 



QG531 



I Op In -Addr In [ 189A | |qG531 

Sel Out - . - 



j_2nd time 



I I Op In Fl = 00 I 1 188C | |QG531 

Sel Out - Stat In 



Check Initial Sel Seq Stat 



Issue Serv Out 



18B0 



QG541 



Set-up Converted 1401 Addr 



18B7 



QG541 



Set 1401 Addr 000 to an & 



1850 



QG561 



1401 Compatibility Redd Operation RS Chart 9 (Sheet 1) 



1401 COMPATIBILITY READ OPERATION 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Go Into Data Handling 
Loop, Retain WM if They 
Are There 



Control Unit Ends Op by 
Presenting CE , DE 



Check for Last Card 



Change Bit Significant Op 
Code in G Reg from21to 20 



18C0 QG561 



1 Op In- Stat In 

Sel Out Fl = OC 



18C2 QG571 



I 

I 1 Op In - Stat In I 1 1805 | 1 QG571 



L_J 



Card Feeds All Tags | i 1881 | 1 QG581 

Off 



— 1805 QG571 



H 18DA| 1 QG571 



Check for Invalid Char — 



S'5 = I = Invalid 
Char Would Have 
Been Set During Prior 
Sense Comm 



18DA QG571 



Check for a Unit Check 



H 18DC I 1 QG571 



Issue Serv Out 



If There Was an In- 
valid Char,181A 
Would Issue Serv Out 



1818 QG571 



Return to 1 Cycles ^ -- 



1100 



- QE001 



1401 Compatibility Read Operation RS Chart 9 (Sheet 2) 



1401 COMPATIBILITY PRINT OPERATION 



444 2 

445 B 444 
449 _^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 





L 






1401 Op Code Dis- 
played in R-Reg 





IICD " 





QEOOl 


1 - Cycle Starr r 


























Get Bit Significant Op 
Code From Bump Storage 




Bit Significant Op 
Code Displayed in 
R-Reg 





nF2 - 





QEOOl 


































Start Op Decoding 




ncB ■ 





QE081 
















Test for PMS on This Op . 




17A0 - 





QG021 
















Do I/O Common Set Up 




1824 - 





QG581 




















, 






Issue Sense C 


1 1 


Address Out 




1898 - 





QG531 




1 






1 












/HnitiaPv^,^-' ' 


^ Fl Should.be Either 
^00 or 14 


1 


Op In - Addr Out 
Sel Out 





1898 
2nd timf 





QG531 








>^Stat o' " 
\. Comn 


t bense\ 


Yes 


1 


- 


T Has y 




1 












\. Busy Ori/' 


1 

If 1 — 


Op In -Addr In 
Sel Out 





189A 
2nd tim< 





QG531 




5 






No 


/TreviousV Yes ' 












\skipX 

No 


L_ 


Op In - Stat In 
Sel Out 





188C ■ 





QG531 






















^ 


182C • 





QG621 




' -1 




Clear Chans 9 and 12 
Indicators 




▼ 














Test for Channel 12 





18D7 - 





QG621 




1 




I 












1 






Set Chan 12 if On In 
Stat Byte 




18D4 ■ 





QG621 






















1 


Fl = 14 This Way 
Op in - Stat In 






Issue Serv Out to 
Reset Stat In 








18FA ■ 





QG591 




















1 


1 
















Issue Serv Out to | 




Fl = 00 This Way 
Op In - Stat In 










Stat In 


L 





18A9 ■ 





QG531 




r- 
























Op In - Sel Out 
Serv In Fl = 00 




Serv In Come 


r 1 1., 







1871 ■ 





QG531 






















Check Sense Byte 




Set S-Reg Bits If 
Sense Byte Has Bit 
7 On 





1843 





QG531 


























Send Serv Out 




18A9 




QG531 




















Wait For Stat In 
FI = OC 




Op In - Sel Out 
Stat In - Fl = OC 





1872 





QG531 






















Issue Serv Out to Stat In 


J. 


Op In - Stat In 





18FA 





QG591 






1 
1 














1 


All Tags Off 





18F4 




QG591 


















Initial Sel Seq for Start l/C 


) 1 


Addr Out 





1898 





QG531 






1 

1 














1 

1 


Addr Out - Op In 
Sel Out 





1898 
2nd tim 





QG531 




e 






1 










1 


Op In -Addr In 
Sel Out 


— — " 


189A 
2nd tim 





QG531 




e 



















Op In - Stat In 
Sel Out - .Fl = 00 





188C 





QG531 






















Check Initial Sel Seq Stat 
Should Be = 00 
















Issue Serv Out Reset 
Stat In 




18B0 





QG541 




















Check for Either 100 or 
132 Print Position 




R0= 1 = 132 





185D 




QG541 






















Set-up Converted 1401 
Addr(201) 




18BB 





QG541 

















1401 Compatibility Print Operation RS Chart 10 (Sheet 1) 



1401 COMPATIBILITY PRINT OPERATION 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Enter Data Loop 



Print Op Completed 



Issue Serv Out Reset 
Stat In 



Enter Ending Routine 



Return to I Cycles 



18BC QG551 



Op In - Stat In 
Fl = 08 



— I 18BE 



QG551 



1818 



QG571 



1838 QG591 



1100 QEOOl 



1401 Compatibility Print Operation RS Chart 10 (Sheet 2) 



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - I CYCLES 



444 M % U 1 500W 
452 B 444 
456^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 




Go to Error Routine 



C J. A JJ 


._ D-_J-... 












QEOOl 


Bit Significant Op Code 




1 ICD 






















Readout Bit Significant 




Op Code = 80 


— — 


1170 





QEOOl 


Op Code,C 
valid Op 


leck for In- 















Set Status Bit to Denote 
Special Op 



Bit Significant Op 
Code Should be In 
R-Reg 



Store B Star in Local 
Store 



UV has B Star, Put 
it into UV Backup 



— QW] 1 QEOOl 

— I 1110 I 1 QEOn 



Readout Hundreds Byte of 
A-Field,Check for a M, 
L, or U Op 



Hundreds pos of 
A-Addr in R-Reg 



IIIB 



QEOl 



Check if Hundreds Byte=% 



1125 QE021 



Set Hundreds Byte Into a 
Hardware Reg and Read- 
out Tens Byte 





Hundreds Character 






will go in D-Reg 




Should be Displayed 




in R-Reg 



- ^1121 I 1 QE021 



Start to Change Op Code 
to 2D 



Changes Low Order 
Bits of G-Reg to D 
Tens Pos of A-Addr 
in R-Reg 



— IICO 



QE021 



Readout Units Byte and 
Set Tens Byte into B Star 
Check Tens Char for WM 



Complete change of OP 
Code to 20 



Check if A-Field was 
just finished 



Transfer B Star to A Star 



Check Hundreds Byte of 
"B" Address For Bit on 



Readout Tens Byte of B- 
Addr,put Hundreds Byte 
into B StarXIheck Hun- 
dreds Byte for Zone Bits 
Bits 2 & 3 



Set Tens Digit and High 
Thousands Hex Digit into 
B StorvCheck tens byte 
for WM, Check if Tens 
Byte invalid 



-IIBD QE021 



Set Units Byte into B Star 




Units Position of A- 
Addr In R-Reg,After 
execution of this 
word the V-Reg has 
the tens & units addr 




nc5 




QE081 


Check Unit Byte for a WM 


































Store Hundreds Byte into 




112B 




QEOBl 








A-Hundred E 
Storage 


lockup in MPX 











High Order Bits of 
G-Reg set to Hex 2 



116E QEOBl 



Also reads out 
Hundreds pos B-Addr 



1198 



QE061 



Transfers V-Reg to T- 
Reg, Check for WM in 
hundreds pos of B- 
FIeld,Hundreds pos of 
B-Field is in R-Reg 



n9E 





QE061 



Checking for a 
possible Invalid addr 
Transfers U-Reg to 
L-Reg 



HAS 



QE071 



llAE QE071 



Tens position of B- 
Fleld is displayed in 
R-Reg 



112F 



QEOll 



1400 Tape Operation-Tapes on MPX Channel or Selector Channel — I Cycles RS Chart 11 (Sheet 1) 



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - I CYCLES 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Set 2nd and Third Thousand 




- — 


1137 





QE031 


Hex digit into a Hardware 
Reg/Check for Indexing 
















Add Low Bias + Hex equiv- 
alent of Hundreds Digit 
Check for invalid Hundreds 
and or Tens Digit 






1143 




QE031 
























Low Bias and Hundreds 
Digit Look-up 







15DA 





QE031 
















R.O. High Bias Byte and 


1 


— 


15DD 





QE031 


add it to High thousands 
Hex Digit 











Readout Units Byte "B" 
Address 



I 



Add units digit to Low 
Bias & Low Hundreds 
Digit,Check units Zone 
Bits 



1 Units Position of B- 

Addr is displayed in 
the R-Reg 



15E6 QE051 



Add thousands Hex Digit 
to B-Star 



Readout Tens Hex Digit 
from Table, Check for WM 
in Tens Character 



1577 



QE051 



_ 15F6 QE051 



Check Units Char for a 
special char, Add Tens Hex 
digit to the sum of the low 
Bias + Low Hundreds Digit 
and set it into the B-Star, 
Check if tens char is valid 



15E9 



QE061 



Readout the D-Modifier 



|n98| 1 QE061 



Check if D-Modifier has 
a WM 



D-Modifier displayed in 
R-Reg 



-119C QE061 



Set D-Modifler into a 
Hardware Reg and read- 
out the next character 



D-Modifier is in D-Reg 
after executing this block 



[ Check next char for aWM r 



Check Bit Significant Op 
Code Bits 2 & 3 



- |nB9| lOEGSl 

HllASi IQE081 

Hncsl Iqeosi 



I Decode Row 2 



I Test for Invalid B-Addr \ - 



- |1016| IQE431 

Hl7A8| IqGOOI 



Test for T, Y, or U- 
Operation, U-Operation 
should be at 17B3, Also 
check for PMS 




Wr Op ROAR Stop Chart 13 
Rd Op ROAR Stop Chart 12 



This Decision is not made 
by a Micro Program 
Branch. The Correct Rou- 
tine is entered depending 
on the Feature installed. 



Hl7B3| lOGOn 



Go to Read Op 
ROAR Stop Chart 14 



WR 



Go to MPX Chan Wr Op 
ROAR Stop Chart 15 



-QasT) iQHOOl 



- llAOOl |qG041 



- |1A78| |QG761| 



1400 Tape Operation-Tapes on MPX Channel or Selector Channel — I Cycles RS Chart 1 1 (Sheet 2) 



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL 



444M_%U1 500R 
452 B 444 
456^ 

OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Store Device Addr in MPX 
Set Channel 1 Latch 



1A81 



QHOOl 



Turn on Sel Channel Re- 
quest Latch, Reset Channel, 
Turn on Supp Out,Set De- 
vice into a Hardware Reg 



1A45 



— QHOOl 



■M-^ 



Attempt to set Poll Ctrl 



Check if Stat In is Up 



Op In - Addr In and 
Sel Out Could be up 
at this time if a CE 
and/or a DE is pend- 
ing Supp Out is Up. 



1A85 QHOll 



1A87 QHOn 




Yes 



Poll Ctrl would have been set if the 
device and the control unit were 
free. Op In & Sel Out up would have 
prevented it from setting 



Set Poll Control 



.J" 



1A43 



QHOll 



Check if Addr In is Up ~~~ 



1A85 



QHOn 



Send Comm Out 



Op In - Addr In 
Sel Out - Supp Out 
Should be Up 



Wait for Stat In to come up 



Reset Sel Out 



Send Comm Out Queue Stat 



Wait for Op In -Stat In to fail 



Op In - Stat In 
Sel Out 



I Comm Out Issued 
Stack Status 



Reset Supp Out 



— 1A89 QHOll 



1A86 



— QHOll 



1A8B 



QHOll 



1A8A QHOn 



— 1A91 



-QHOll 



-1A8C 



QHOll 



1A84 



H 



QH021 




Yes 



\ u 

\^u 


trolX No 








Yes 














Set Up Lost Tape Unit 
Used Device Addr 


*■" 








QH021 




1A94 


































Store Device Addr in 
MPX Storage 




1A95 





QH021 
















Send Addr Out 




131F 




QH021 




















Set Sel Out 




Op In - Addr In 

Sel Out Device Addr 

In GR 





lAAl 





QH021 


























Wait for Addr In 




1A9D 





QH021 
















Check for Corr Addr 




lAAC 





QH021 
















Store Comm in MPX Stor 

1 1 





lAAB 




QH021 



1AA8 



Set Comm in GR,lst Issue 
Comm Out, 1st Time though 
on 9 track Comm is a Rea4 
on 7 track drive the 1st 
Comm will be a Mode Set 



Set GR to 00 for Test 
l/O Comm Issue Comm 
Out 



I 



"I" 



— GR - Comm Issued 



1AA4 



Part 
4 



Part 
3 



_ QH021 



QH021 
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1400 COMPATIBILITY TAPE READ OPERATION " SELECTOR CHANNEL 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Part 1 
OVER-ALL SEQUENCE 

















Wait for Stat 1 




1AAF 
2nd time 





QH031 
























Test Bit 7 of Stat Byte 
Read Out Byte of Stat 
Byte 




lAAE 





QH031 


















Check for Unit Exception 




lABO 





OH031 
















Reset Sel Out 




lABB 





QH031 
















Send Serv Out 




1AB8 





QH031 
















Wait for Op In and Stat 
In to Fall 




lAAC 





QH031 


















Reset Addr Out 





lAAD 


1 


QH031 














Send Supp Out 




1A9T 




QHOOl 





















DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Check Ctrl Unit Busy 



Check for a Sense Comm 



Store Stat Byte and Setup 
Tape Ctrl Unit Byte Addr 



Change Last Tape Unit 
Addr Byte to Addr of 
Present Tape Unit 



Op In - Sel Out 
Stat In 



lAAE QH031 



Sense Comm's are 
only issued for 9 - 
track read Ops with 
an error 



17BE QH041 



176F QH041 



1A98 QH041 




CE Should be Up if This 
is a Mode Set Comm 



Reset Sel Out Set Unit 
Addr in CPU Storage 



Send Serv Out 



Wait for Stat In and Op 
In to Drop 



Check for a Mode Set Comm 



Read Out Next Comm 
from MPX Storage 



f 

4 \ Part 5 



CE & DE should be 
up if this is a Mode 
Set Comm, 00 Stat == 
Read Comm 



6 Part 1 



lABD QH041 



1A46 



QH061 



lABF 



QH061 



- 1A48 



— QH061 



1A49 — 



QH061 



1AC6 



— QH061 
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1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL 



OVER -ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Send Serv Out 





If Roar Stop is Used 
on this word the Addr 
Compare Sw must be 
Set to Process Pos Be- 
fore Starting 





1A5B ■ 





OH041 










Wait for Stat In to Fall 









1A58 ■ 





QH041 










Check Comm 




1 A'^0 . 




QH041 












Check for Even or Odd 
Redundancy 







lACF - 





QH051 


















Check for a Read or Write 
Comm Move or Load 





1A6E - 





QH051 
















Go to Move Read Data 
Loop and Start 





19D3 ■ 





QH081 




















Data Loop Ends 




Roar Stop can be Used from this 
Word On without overruns occur- 
ing,Op In - Stat In - Sel Out - 
Are Up,GR-CEand DE-OC 





19DA ■ 





QH081 
























Check for Odd or Even 
Redundancy 


1 


19E9 




QH081 












1 


Check if this is a 9 track 
drive 




_-^ 
















Set Main Stor Addr to 
Addr of the 1st Char 
Read from Tape 




1728 





QHlOl 


















Reset Sel Out 







175C 









QHlOl 


















Read Out First Char,of 
Record from Main Stor 




MN = Addr of 1st 
Char,Reg.R= IstChar 





17D7 









OHIOI 




















Check if 1st Char has 
a TM 







17C8 





QHlOl 


















Store B Star into the 
O Star in MPX Stor 




17CA 





QHlOl 






















Send Serv Out 




O Star Back-up is 
B Aux Stor Hex Addr 
8Eand8F 





■ 1765 





QHlOl 































- 1100 





■ OEOOl 


Go to 1 Cyc 


les 









1400 Compatibility Tape Read Operation - Selector Channel RS 12 (Sheet 3) 



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 

444 M % U 1 500 W 
452 B_ 444 
456 • 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Store Device Addr in MPX 
Set Channel 1 Latch 



1A81 



QH001 



Turn on Sel Channel 
Request Latch Reset Chan . 
Turn on Supp. Out 
Set Device into a Hard- 
ware Reg. 



r 



- 1A45 QHOOl 




Poll Ctrl. would have been 
set if Device & Ctrl. Unit 

were free. Op-ln Sel -Out 
up prevents Poll Ctrl . 
from setting. 



Wait for Status In to 
come up 



Reset Sel Out 



Send Command Out 
(Queue Status) 



Wait for Op-In & Status- 
In to fall 



Op-ln, Addr-ln & | 1 1A85 | 1 QHOll 

Sel-Out could be up 
at this time if CE & 
DE are pending. 



1A87 QHOll 



_ 1A43 QHOll 



Op-ln, Addr-ln, Sel 
Out, Supp-Out 



— 1A89 



QHOll 



1A86 QHOll 



Op-ln, Status-ln, 
Sel-Out 



Command-Out 
Stacks Status 



r 



1A8B QHOll 



1A8A QHOll 



1A91 QHOll 



Suppress Out 1A8C QHOll 



1A84 QH021 



Xct 

< Unit 

1 


r'- X^ No 








Busy^ 
r Yes 








Set Up last Tape Unit used 
Device Address 




1A94 


























Store Device Address in 




1A95 




MPX Storage 







QH021 



-- QH021 



Send Address Out 



Set Select Out 



Wait for Address-In 



Ck. for Correct Address 



Store Command In MPX 
Storage 




Set Command In GR 
Reg . Issue Command 
Out. 



3 Part 4 



Address-Out 



Set GR to 00 for Test 
I/O Command 
Issue Command Out 



131F 



QH021 



— I Op-ln, Addr-ln, | 1 lAAl 

Sel-Out 



-- QH021 



1A9D 



QH021 



Address of Device 
in GR 



lAAO - 



QH021 



2 Part 2 



Ctrl. Unit busy if stat 
■ —I stacked before enter- 
ing this Routine 



H lAAB I 1 QH021 



1AA8 



1st Command issued 
will be a Mode Set 
Command 



— 1AA8 



~] 



-- QH021 



1AA4 QH021 
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1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Wait for Status-ln 



Test Bit 7 of Status Byte 
Read out Byte of Tape 
Control Word 



Check for Unit Exception 



Reset Select-Out 



Send Service Out 



Wait for Status-ln and 
Op-ln to Fall 



Reset Address Out 



Send Suppress Out 



5 
Part 



Op-ln, Status-ln, 
Sel-Out 



1 AAF_ _ 
2nd Time 



- QH031 



lAAE QH031 



Status is in the GR 
Register Hex value 
of IC 



lABO QH031 



lABB - - 



QH031 



Op-ln, Status-ln up, 
all Tags will be off 
after execution of 
this word. 



1AB8 QH031 



lAAC QH031 



lAAD QH031 



1A93 QHOOl 



Check Control Unit Busy 



Ck . for a Sense Command 



Op-ln, Sel-Out, 
Status-ln. 1st time 
through will be a 
Mode Set Command. 



lAAE QH031 



17BE -- 



QH041 



Store Status Byte & Setup 
Control Unit Address 




176F QH041 



^N;;;;^ CE will be up '^ this is 

a^ode Set Command 



GR=OC=Mode Set 
GR=00= Write 



Reset Sel-Out Set Unit 
Address in CPU Storage 



Send Service-Out 



Wait for Status-ln & Op- 
ln to Drop 



Ck . for Mode Set Comm . 



Read out next Command 
from MPX Storage 



6 Part 1 



lABD QH041 



1A46 





QH061 



lABF QH061 



1A48 QH061 



1A49 





QH061 








1AC6 





QH061 
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1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Send Service-Out 



Wait for Status-ln to Fall 



Check if TIE being 
Performed 



Check for Even or Odd 
Redundancy 



Check for a Read or Write 
Comm . Move or Load 



Go to Write Data Loop 



Data Loop Starts 



Data Loop Ends 



Wait for Op In to Fail 



Check Allow I/O Traps Bit, 



Return to I Cycles 



1A5B QH041 



After this point, over- 
run errors will occur 
if single cycle or roar 
stop Is used. 



1A58 



QH041 



1A59 



QH041 



lACF QH051 



1A6E QH051 



1A51 



- QH051 



- 17C7 



QH071 



GMWM in Stor End 
End Write Operation 



17AF 



QH071 



\— 



Control Unit Should 
End Op, Comm Out 
Would Have Been 
Issued to Serv In 



17AF 



QH071 



17AF 





QH071 








1753 





QG031 



1100 



QEOOl 



1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chort 13 (Sheet 3) 



1400 COMPATIBILITY TAPE READ OPERATION TMPXR 

444 M % U I 500R 

452 B 417 L 

457 B 400 

461 IL)_% U I B 

466 B 400 

470 ^ 

OVER-ALL SEQUENCE 



INFORMATION 



Read Op 



ROS LOGIC 

ADDRESS PAGE 

- I lAOO I - - I QG041| 



9 TR Tape Unit 



1A19 --QG051 



Set up to a Req Tie if last 
Op to this unit was a Bksp 






No Mode Set needed 



A Mode Set CM D will be 
done on ail Write Ops 
and 7 TR Read Ops 



— 1A84 -- QG051 



Turn on Command Start 



I Turn on H5 



1 1A78 h - [00761 



1 Block Sel Chan Traps ~| 1 lAAl h - |QG76l[ 



Set Device Addr in R Reg 






Set Bus Out, Addr Out | - 




Sel In 



Device not Available 



Reset Addr Out 
Wait for Addr In 




No 



Go to Tape Stop Rtn 



Bus Out 
Command Out 



I V/ait for Status In 




No 



Yes 



Svc Out, Go back to 
Initial Selection 



SI O with Zero Status f - 




Yes 



Service Out, Accept Stat 



Read Data Loop 



SVI 




Service Out, Accept Stat [ - 



Store CM or GMWM \ - 



1 Begin Initial Selection | — — | 1AA4 | |qG761 



1 1A41 \ - 400761 1 



1 1A92 I -- IQG761 



— 1A93 - - QG761 



Read Command 



- I 1A9B I - - |QG761 
H 1A58 I - - I QG761 



Status will be Zero unless 
last Op was a Control Op 
or a Write Op. Status is 
stacked on Write Ops, DE 
is pending on Ctrl Ops 



— I 1A30 I — I QG761 1 



If last Op was a Bksp to 
this Drive and this is 9 
TR, a Req Tie will be 
executed first 



1 lAAB I — |QG77l| 

-— I 1A6A I - - 10077? 



1 1A3D f - H QG77l| 



Go to QG801 for Move 
Op, Go to QG802 for 
Load Op. 

ROAR stopping in Data 
Loop will cause Overruns 



QG801 
QG802 



If next Char in 

Core is: Go To: 

WM, no GMWM 1AC4 

NoWM,noGMWMlAC5 

GMWM 1AC6 



1 lACX I — I QG81l| 



NOTE: If 2030 has 1401 

Compat Noise Bit Change, 1 1AC6 | - - | QG81l| 

See Page 
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1400 COMPATIBILITY TAPE READ OPERATION TMPXR 
OVER-ALL SEQUENCE 



INFORMATION 



ROS LOGIC 

ADDRESS PAGE 




— liAso h - foGsn 



Stored during Sense Op 1 [lASA hHOGSII 



[Stored during Sense Op | 1 1A8A | - HQG8n 



Do Sense Command 
Initial Selection 



Same as any SIO | 1 lAAQ [ -- {qg761 



Wait for Third Sense Byte 
(Tie) 

I 






Store Tie Byte 
Set CM D Out 



1 1A71 |-HQG781 



I Wait for Status In 



Send Service Out 

Read Out 1401 MPX OOBC 



Accept Status from Sense 
Command. Read Ending 
Status is restored to the 
G Reg . 



I End Sense Command 



1 1A79 h - ToG/Sl 

1 1A4E hHQG781 

H 1A82 hHOGSll 



Set UE Bit in TU Ctrl 
Byte if UE in Status or 
First Char TM 



X 



Go to Common MPX 
Tape End 




1 19D6 h 400841 

1 1A66 h - [QG841 



Yes 



Return to I Cycles 



Turn Off H5, H6, 
CMD Start 



1 1753 I IQG031 

1 1799 [ -- |qg031 
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1400 COMPATIBILITY TAPE READ OPERATION TMPXR 



OVER-ALL SEQUENCE 



INFORMATION 



ROS LOGIC 

ADDRESS PAGE 



9 TR Mode Set 



At this time, initial 
selection has been com- 
pleted for the Mode Set. 
The proper Command was 
issued by a decision made 
earlier. 



— I 1A56 i -" iQG781 



Read Out Tie Byte | 1 1A32 | -- |QG781 | 



Wait for Service In 



Send Tie Byte to Ctrl Unit 



Wait for Status in 



Reset Tie Indicator 



Read Out TU Address Byte 



Read Out Command Byte 



Mode Set Done 



1 1A6C h - [00781 I 



1 1A6D | -~ |qG781 



- I 1A6C I - - |QG781 I 






Current TU Address is 

stored in OOBA MPS during| 1 1ABE | - - ]QG781 

Initial Selection 



1 19C3 | -- |qG771 



1 1AA2 f - HQG771 I 



NOTE: This Routine is used only if the 2030 has the 1401 Compatibility Noise Bit Change instcl 

1 1AC6 h - ToGsn 




1 1A80 h - Togs 11 



Turn on S6 to force Sense 
Command 



Do Sense Command 
Initial Selection 



Wait for Second Sense 
Byte 



Send CMD Out 
Wait for Status In 



H 1A80 I -- IQG811 



— I 1AB3 HHQGBII 



Same as SIO j 1 XXXX | - - [00761 



1 1AD8 h - rQG781 




] 1 1A70 I -- JQG781 



|153B h - [00781 



1 1595 I -- IQG781 



[15A5 hHQG78l 



Encode "CE" MSDR Stop 



|157C I -- IQG781 

llADA | -- [qG781 



ed. 



Go to Tape Stop Rtn 
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1400 COMPATIBILITY -TAPES ON MPX SET UP -TAPE WRITE OP 9 TRACK DRIVE 

444 M % U 1 500W 
452 B 400 
456 . 



OVER-ALL SEQUENCE 



INFORMATION 



LOGIC 
ADDRESS PAGE 



Turn on Command Start 



|lA78| |qG761 



I Turn on H 5 [ 



Block Sel Chan Traps ~| jIAAll |qG761 



Put Device Addr in R Reg 



- jlAAOl |qG761 



Set Bus Out and Addr Out h 




Initial Selection 

Attempt to do a Mode Set I ^\am\ |qG761 

CMD to a Device with 
pending status 



Sel In 



Op In 



|1A41 I |qG761 



Device not available 



Reset Addr Out 
Wait for Addr In 



Addr \ No 




1 Addr In and Sel Out Up | |lA92| |QG761 | 



hA98| IQG761 



I Go to Tope Stop Rtn [ 



Command Out 
Bus Out 



Wait for Status In 




Mode Set Command |1A9B| QG761 



Device will have Pend- 
ing Status unless this is 
first Op or last Op was 
a Read 



1 1A58 | -- {qG761 



This exit will be taken 
on first Op 



1 1AAA 1 - HQG761| 



Set Svc Out to accept 

Status 



Put Device Addr in R Reg [- 



Bus Out 
Addr Out 




Status was CE, DE, BSY 
Mode set attempted with 
Stacked Status 



1 1AAD h - [QG771 



Initial Selection 

Do a Mode Set Command 



— I 1AA0 | -- rQG76l| 
H 1AA4 | - H QG76T 



n \ Sel In 



Device not available 



Reset Address Out 
Wait for Address In 




1A41 h 400761 



- I 1A92 h -(QG76n 



No 



1 1A98 f -" {QG76l| 



Go to Tape Stop Rtn 



Command Out 
Bus Out 



Wait for Status In 

E 



- I Mode Set Command | 1 1A9B | - H QG761 | 

1 1A58 1 -- |qG76iI 
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1400 COMPATIBILITY TAPES ON MPX SET UP - TAPE WRITE OP 9 TRACK DRIVE 



OVER-ALL SEQUENCE 



INFORMATION 



ROS LOGIC 

ADDRESS PAGE 




Status is CE, DE 
Indicating Mode Set 
Complete 



— I lAAA h - |QG771 



Set Service Out 



All Status for this Device 
has now been accepted 



lAAC - - OG771 



End of Mode 
Set Command 



Set Device Addr in R Reg 



Write Command is now 
in the L Reg 



— I 1AA2 \ - - |QG771 



lAAO - - QC761 



Bus Out, Addr Out \ - 




Initial Selection for 
Write Op 



Sei In 



H 1AA4 h HqC761 
H 1A41 | - - |qG771 



I Device not available 



Reset Addr Out 
Wait for Addr In 




No 






— I 1A98 I -- IQG771 



Go to Tape Stop Rtn 



Command Out 
Bus Out 



Wait for Status In 




No 



I Set Service Out 



Write Data Loop 



No 




Command Out 



End of Write Data Loop |- 



Store Addr of TU in 
Ctrl Byte 



Remember this was a 
Fwd Space 



I Zero the Status Byte | — — ^ 



No 



Turn off H5, H6 
Command Start 



Return to I Cycles j 



This is the Write Op 
Code 



1 1A9B | - - {0077] 



hA58 | -- |QG771 



If not Zero Status, go to 
Status Handling Rtn at 
lAAA QG771 



1 1A30 I -- IQG761 



1A3D - - QG771 



ROAR stopping in Write 
Data Loop will cause 
overrun 



-- I 1A7C h - |QG79T| 



— I 19C5 h - |QG79l| 



Status is stacked 
Overrun on ROAR Stop 



1 1AB7 h - fQG791 



This is the first Addr after 
the Data Loop on which 
no Overrun will occur if 
ROAR Stop is used 



1 1AB6 | - - |QG831 



1 1A5F h H QG841 



— I 1A61 h - |QG841 



1401 LS 0087 1 1 1A20 h - tQG84l| 




— . — I 1753 [ - - |QG031 



1 1799 h - [qG031 



1400 Compatibility- Tapes on MPX Set Up— Tape Write Op 9 Track Drive RS Chart 15 (Sheet 2) 



I 1400 FILE COMPATIBILITY 



A. To allow proper operation of the included programs 
and stop words, the following initial preparation is 
necessary, 

1. Initialize Disc Pack in 360 Mode writing Home 
addresses and record zero on all tracks using 
UT069. 

Surface analysis should also be done to flag 
defective tracks , 

2 . Load Auxiliary Storage using either CID or 
3F00. 



E. If an Alternate Track is assigned, the 2311 Car- 
riage will be restored at the end of each com- 
pleted 1400 Operation or 20 Sectors. This means 
that a RBC following a Write Operation will have 
to seek to the Alternate Track and return as did 
the Write Operation. Also, if a number of tracks 
are to be processed (sector count greater than 
020) and more than one is flagged, the 2311 Car- 
riage will be restored after each Alternate Track 
Read or Write is completed. Therefore, an Alter- 
nate Track Seek can occur more than once during 
a single 1400 Operation. 



3. Write 1400 addresses with Clear Disc Program. 

Item 3 can be bypassed if 1400 Write Address 
Operation is to be performed first with Com- 
pare Disable Bit on. This will write addresses 
on a given track and allow other tests to be 
run on that track. 

B . When restarting any of the example programs , a 
second error may occur if the following is not 
performed. 

1 . Do 1400 Start Reset 

2. Start program at an instruction that will re- 
store the DCF. 

C . A Validity Check during Read or Write will break 
chaining. This will force a Sector Count 000 In- 
dicator (Bit . 7 of Operation Register) . The num- 
ber of sectors not processed will be indicated in 
the 1400 DCF, 

D. Sector Read and Write with addresses will post a 
No Address Compare (X) if the last Record Ad- 
dress is not 16 or greater. This test is made to 
check for missing 2311 address marks. (QH531, 
Word IDID). 

This may cause confusion if a Validity Check 
breaks chaining before 16 records are processed. 
Result is that X and V are posted when V is the 
actual cause. 



F. Auxiliary Storage B - 90,92,94,96 and 98 (File 
Unit Addresses) must be in sequence when doing 
Address Operations or Alternate Track Oper- 
ations or a No Address Compare will occur. The 
data in these addresses is always stored in K29 
MPX on Initial Selection. When the above two 
operations are performed, a table look-up is done 
using the value in K29 MPX to determine the Aux- 
iliary Storage Address that the actual cylinder 
value is stored in 91,93, 95,97 or 99. An Out of 
Sequence Unit Address will result in looking up 
cylinder value for the wrong file. This procedure 
is necessary because some program applications 
use other than normal addresses on certain cyl- 
inders, such as labels. If addresses are abnormal, 
it becomes impossible to read 360 Record or re- 
turn to the proper track. 



Module Protect Check is defined on Head Seek 
flow chart. 



STOP CHECK is indicated on several flow charts. 
This is the first stop point since IBBO of the 
search command that will allow continuation of 
the operation without an overrun. Check FI = 
CE • DE , Op In and Stat In up, command code in 
Aux B - BE, updated CCHHR stored in Aux B - AD 
thru Bl, 



1311 DISK INSTRUCTION FORMAT 



M/L % F n BBB R/W 



d— MODIFIER 

R — read operation 
W — write operation 



B —ADDRESS 

address of the high order 
storage location of the disk 

address 
control field 



UNIT NUMBER CHARACTER 

— seek 

1 — sector mode 

2 — track record mode 

3 — write disk check 

4 — not used 

5 — sector count overlay 

6 — track sector mode 

(with addresses) 

7 — scan disk (low or equal) 

8 — scan disk (equal) 

9 — scan disk (high or equal) 
@ — track record 

(with addresses) 



UNIT SELECT CHARACTER 
F — disk operation 

MODE OF OPERATION 
% — l/O operation 

OP CODE 

M — transfers data in 7-bit 
BCD mode (CBA8421) 

L — transfers data in 8-bit 
(WM CBA8421) 
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1311 ADDRESS CONTROL FIELD 



Gate 
Value 

Decimal 
Address 

BCD 
Format 



1 

*/N 

884/ 
842 1 


2 

Dl 
8 2 


3 

D2 
842 


1 


4 

D3 
842 1 


5 

D4 
842 


1 


6 

D5 
8 42 


1 


7 

D6 
8 42 1 




Units 


t Disk Sector 




Tens 




Units 


-^ 2 = Head 




Tens 




Units 


> 4- 2 = Cylinder 


Tens 






Hundreds 






Alternate code if first character is * 




Zero — Not Used 






Alternate code if not * 



PERMANENT FILE AUXILIARY STORAGE LOCATIONS 



AUXILIARY STORAGE B 








1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 







TLU for Head and Cylinder 


O's Decode 
















00 


05 


01 


06 


02 


07 


03 


08 


04 


09 






File 


File 


File 


File 


File 






















1 


Note 

1 


Mod 
00 


Mod 
02 


Mod 
04 


Mod 
06 


Mod 
08 






















8 




Sense 


Bytes 































1 


2 


3 




























File 


Jnit 


File 


Jnit 1 


File I 


Jnit 2 


File L 


init 3 


File 


Jnit 4 














9 


Addr 


Cyl 


Addr 


Cyl 


Addr 


Cyl 


Addr 


3 


Addr 


Cyl 


Note 
2 














GO 


Loc 


01 


Loc 


02 


Loc 


03 


Cyl 


04 


Loc 




























Loc 


















A 




TLU for Cylinder lOO's Decc 
Numeric 


de 




Pre- 
vious 
File 
Op 






pA 

Cyl 
00 


Iways 00-1 


Cyl 


Head 
00 


00 1 50 


10 1 60 1 20 1 70 


30 180 


40 1 90 


Hex 


00 


32 


OA 


3C 


14 


46 


IE 


50 


28 


5A 


B 


Head 


Re- 
cord 


K 


D 


D 








Note 

5 


1400 
File 
Mod 
No. 








File 

Unit 

Addr 

Init 

Sel 


Last 
File 
Comm 
and 


Scan 
Cond 
Note 
3 



AUXILIARY STORAGE A 








1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


9 




















Scan 
Re- 
sult 
Note 
3 




Note 
4 










A 


Alternate Track Addr Read 
From RO of Flagged Track 


























Cyl 


Cyl 


Head 


Head 



NOTE I 
BIT - 



NOTE 2 
BIT 3 = I 





NOTE 3 K3I UCW SCAN 




K9H CPU SCAN 


NOTE 4 


NOTE 5 


COMP DISABLE 




OP WT 




RESULT WT 


1400 BR BYTE 


On alternate 


MOD PROTECT 


SCAN LO 


7 


HI 


12 


- NO ADDR COMP 


track operation, 


= DCF HAS 
INCREMENTED 


SCAN EQ 
SCAN HI 





8 1 
1 
1 

9 2 
2 
2 


LU 
EQ 
HI 
LO 
EQ 
HI 
LO 
EQ 


6 

1 
12 

6 

1 
12 

6 

1 


1 - BUSY 

2 - WLR 

3 - ANY 

4 - PARITY 

5 - NOT RDY 
6- RBC 

7 - ON- Checked for 
Recalibrate Seek 
Necessary 


original cylinder 
value in AE(K22) 
is stored here 
for return seek 



1400 File Compatibility RS Chart 16 (Sheet 2) 



FILE READ/WRITE GENERAL ADDRESS FLOW 



Details on the following address are on the individual charts for each operation. 



From I Cycles 
Ring 8 1 1 A8 



Initial Selection 



1BA0 
1B90 
1B92 
1BA5 
1B3A 
IBBO 



A 



1BB4 
THead Seek IB 1B8F 



s 



Initial Selection 

Loop Until Search for 
ID and/or RO Complete 



IBAO 
1B90 
1B92 
1BA5 
1B3A 
IBBO 



^ 



1BB4 \r 

TSeorch ID 31 1B8F 



Loop Until Sector 
Count is Zero 



Jinitial Sel IBAO 
1B90 
1B92 
1BA5 
1B3A 
IBBO 
1B8F 



If 
Error 
Do 

Sense 
Comm 



1 Read/Write 1C1 



V 



o- 



Initial Sel 



IBAO 

1B90 

1B92 

1BA5 

1B3D- 

1B3A 

IBBO 



zri 



V 
A 



7 



Sense - 04 



1BB5 
1C43 
1C79 




i> 



This section can be performed in single 
cycle or Roar Stop and program may be 
continued without error. 



This section must be performed in run for 
program to operate correctly. Roar Stop 
may be used but a overrun will occur and 
program must be restarted. A sense Com- 
mand can be forced by stopping in this 
section. This will allow checking sense 
Command, 



This section can be performed in single 
cycle or Roar Stop and program may be 
continued without error. 



V 

Return to I Cycles 
I Op 



IICD 



.^ Stop on this Address and display Auxiliary B - BE for failing 
command Auxiliary B-BD for failing unit if read or write 
completed sectors can be determined by Auxiliary B-BI or 
DCF of 1400 Program, 



II SECTOR OPERATIONS IN COMPATIBILITY MODE III SECTOR OPERATIONS - READ/WRITE /RBC 



Note the following characteristics of Sector OPs 
in compatibility mode: 



1. Sector address is incremented in 360 CCHHR not 
1400 DCF. 

2. Updated CCHHR is not converted and stored in 
DCF until sector count 000 is detected, 

3. Sector count is decremented in 1400 DCF. 

4. In event of error sector count could appear de- 
creased and sector address may not be increased 
in the DCF. CCHHR ia aux. B - AD thru Bl 
should be checked for actual sector address value. 
DCF incremented bit - aux. B-9 A- Bit 3 
Bit 3 = 1 indicates CCHHR has been incremented 
(sector count more than one) therefore CCHHR 
must be converted 1400 format and zone bits 
stripped. 

Zone bits will remain in DCF only if initial 
sector count is 001. 



5. 



The following programs should be used when possible 
as they are tested and provide predictable results: 



Read Op 

500 M_% F 800 R 
508 M^% F 1 800 R 
516 M^709 809 
523 B_ 532 Y 
528_B_508 
532 ^ 500 
536 ^ 

Write Op 

500^ % F 800 R 
508 M^% F 1 800 W 
516^709 809 
523^ % F 3 800 R 
531 Rl 709 809 
538 B_557 Y 
543 B^ 508 
547 ^500 
551 . 



Seek 

Read 

Restore DCF 

Branch on any condition 

Loop 



Seek 

Write 

Restore DCF 

RBC 

Restore DCF 

Branch on any condition 

Loop 



700 - 1 010000 OOJLj r- 

800 -* 010000 OOJJ 1 

910 



-► Can be increased from 1 
thru 20 depending on the 
number of sector opera- 
tions desired. 
Add 100 addresses for each sector over 
one (1) to be processed. 



1400 Sector Read/Write/RBC RS Chart 17 (Sheet 1) 



SECTOR OPERATIONS READ/WRITE/RBC 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



1 Rin 


-, « 














11A8 
























Converted 1400 DCF to 
360 CCHHR and Add 1 
to Cyl & Head Value 




Stored in Aux B - AD 
thru Bl 












I 2 












/ 


Initial Selection 




— ROAR Stop Chart 19 


Head Seek - IB 


ROAR Stop Chart 20 




















Initial Selection 




Search ID - 31 




t21 


KvJAK btop Lnor 










1 


Decrement Sector Count 




C I. /~ ikil'j.' J 




bector Count Maintained j 








in 1400 DCF 


1 








Initial Selection 




Read -06 or Write 05 is 
Stored at Addr 1B3A 




















i 


r 


\ 








Read Data 
Loop 


Write Data 
Loop 






Data Loop is Not Ter- 
minated Until Counter 
(90 or 100) is Zero,Short 
Record Sets Indicator But 
Continues to Counter 




1 




\ 


1 

1 


\ 


' 


1 






\ 


r 


















RBC Data 
Loop 






Main Stor Char is Com- 
pared to Bus in Char if 
Unequal Set Validity Ck 




















1 


\ 








Read Out Next Main 
Stor Char to Check for 
WMGM 





- j QH441 



QH471 



QH461 




1 AuxA-9BBit2 H""" ! 1C61 |--- | QH50T 



Fl = CE • DE 



1C62 



— QH381 



General Stop 



Stop Check 



ICID QH391 




Set Up Head Sw and 
Cyl Sw if Necessary 



Set DCF Incremented Bit 



Subtract One From Cyl 
and Head Value 



QH401 




1 Aux B - 9A Bit 3 j j 1B02| 1 QH411 



Convert CCHHR to 1400 
Format Store In DCF in 
Main Stor 



Return to I Cycles 



IICD 



Add 1 to Record Value 



Aux B - Bl 



1C52 -- 



QH431 



Aux B -9A Bit 3 



- ICCE QH341 



Search Next Addr 
I 
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PROGRAM EXAMPLE FOR SECTOR WRITE WITH 
ADDRESSES (Write 20 Sectors with Addresses) 



SECTOR READ WRITE WITH ADDRESSES - OBJECTIVES 



500 M % F 800 R 
508 M % F 6 800 W 
516 M 709 809 
523 M % F 3 800 R 
531 M 709 809 
538 B 547 Y 
543 B 508 
547^ 500 



Seek to Cyl 050 (1400) 
Write 

Restore DCF 
RBC 

Restore DCF 
Branch on any Condition 
Loop 

Stop/Seek Restore after 
Error 



From I Ring 8 



551^ 

700± 01 0000 020 

800± 01 0000 020 01 0000 
2824 10 019 
2930 + 

PROGRAM EXAMPLE FOR SECTOR READ WITH 
ADDRESSES 



11A8 



Readout 1400 DCF Con- 
vert to 360 - CCHHR 
Store in Aux Stor Incre- 
ment Cyl & Record Plus 1 



Aux B 
AD thru Bl 



Initial Selection 



Head Seek - IB 



Initial Selection 



Search ID - 31 



500 M % F 800 R 
508 M % F 6 800 R 
516 M 709 809 
523 B 532 Y 
528 B 508 
532^.500 

536^ 

700± 01 0000 020 
800 ±01 0000 020 
2930 + 



Seek 
Read 

Restore DCF 
Branch on any Condition 
Loop 

Stop /Seek Restore after 
Error 



ROAR Stop Chart 19 
ROAR Stop Chart 20 



ROAR Stop Chart 21 




Read - 1 E 



Write -ID 



Convert 1st DCF to be 
Written to CCHHR and 
Store in Aux Stor 



Initial Selection 



Read CCHHRKDD 



Write CCHHRKDD 



Subtract 1 from Cyl & 
Record and Store in 
Main Stor 



Decrement Sector Count 



Read or Write Data 
Loop 



Status In 




General Stops 



Stop Check — 

T 



- 1C1D| -- [ QH391 I 



Return to I -Cycles | IICDl 



1400 Sector Read/Write/With Address RS Chart 18 (Sheet 1) 



WRITE ADDRESS OPERATION ID 

Initial File Address to be Written Has Been Developed with the Cylinder and Record Count Incremented Plus 1 to 
Conform to 360 Format and Stored as CCHHRKDD in Aux B AD thru B4. 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Initial Selection 



Write Addr Loop 



Stat In During Write Addr Loop — 
Initiates a Sense Command. 
Write CCHHRKDD from Aux B- 
AD thru B4 



QH371 



Stat In 



Fl =CE ■ DE 



] 1 1B8F I 1 QH371 



Decrement 1400 Sector 
Count 



Error General Stop 




Sector Count Maintained in 
1400 DCF 



Status In During Write Data Loop 
Will Either Set WLR or Initiate 
Sense Command 



QH471 



Fl = CE DE 



1 1C62| 1 QH381 



Set Suppress Out 



Read Out Next 1400 
Addr Format for 360 



nitial Select Repeat 
1 D Until Sector Count = 000 



Check last Record 
Was 16 or Greater 



Check for Missing 
2311 Addr Marks 
Aux B-Bl 



ICID I 1 QH391 

[ 1D1D| 1 QH531 



To I Cycles 



READ ADDRESS OPERATION IE 
OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Initial Selection 



Read Address Loop 



I Status In 



Decrement Cyl and 
Record Value by 1 for 
Actual 1400 Values 



Convert 360 CCHHR to 
1400 DCF and Store in 
Main Stor 



Decrement 1400 Sector 
Count 



Data Read Loop 



Status In 



Read CCHHRKDD from FCU into 
Aux B-AD thru B4. 
Stat In During Read Addr Loop 
Initiates a Sense Command 



1 QH371 



] 1 Fl = CE- DE 



] llBSF I rQH371 



Can Stop to Single Cycle Thru 
1 Addr Convert Cycle then Prog 
Must be Restarted, Stored in Aux 
B AD thru Bl 



This is Actual 1400 DCF 
in Main Stor 



Stat In During Data Read Loop 
Will Either Set WLR or Initiate 
Sense Comm 




- Fl = CE • DE 



Sense 
Command 



General Stop 



Set Suppress Out 



Repeat Initial Sel 
for 1 E Command 



Stop Check 



Check Last Record Was 16 
or Gieater 



Return to I Cycles 



Check for Missing 

2311 Addr Marks 
Aux B-Bl 



1CD3 QH401 



QH471 



— 1C62 QH381 



'- \ IClD I [ QH371 



IDID QH531 
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INITIAL SELECTION FILE COMMANDS 



OVER -ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



From I Cycles 



Read Out NPL Moduh 
Number 



File Unit Addr Dis- 
played in MSDR 
Stored In Aux B-BD 



1BCD 



— OH341 



Addr Out 



IBAO 



OH341 



Sal Out - Op In 



IB90 



OH341 



Addr In 



Reset Sel Out 



Addr Out Drops 
Must be Addressed 
Twice 



Supp Out is Reset on 
ID and 31 Commands 



1B92 



QH341 



IBA5 



— OH351 



File Command 



File Comm Code Dis- 
played in MSDR De- 
veloped on QH351 

04 - Sense 

05 - Write 

06 - Read 

07 - Full Seek 
16 - Read RO 
IB - Head Seek 
ID -Write Addr 
1 E - Read Addr 
31 - Search 



— 1B3A 



OH361 



Status In 



]-■ 




Addr In Drops - Fl = 
00 File Comm Stored 
in Aux B-BE 



IBBO OH361 



Execute File Comm Set up 
at Addr 1B3A 



Follow 


ng Seek Op 


Fl-14, 


Check for 


Error. 




Re-try 


Initial Sel 



Status Non - Zero 




-- I 1B9A I 1 QH361 



Not Ready 



r 



Sense Comm 



I 



"1 
J 





Busy 



1 I 



1 Set Aux A-9B to 

14 - 1400 Y and N 



At a Future EC a 
Sense Comm is Initiated 
Instead of Setting 
Not - Ready 



- If DE go to 1C76 
If not go to 1C77 



1BB7 QH361 



Set Aux A-91B 



Return to I Cycles 



Initial Selection File Commands RS Chart 19 (Sheet 1) 



HEAD SEEK IB 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Initial Selection 



Service In 



Status In 



Yes 





Yes 



Drop Status In 1BB4 QH361 



Fl = CE • DE 1B8F QH371 



Error 
General Stop 



If Module Protect Disable 
Bit Off - Compare Aux B- 
BD to B9 



Aux B-10 Bit 1 =0 
Mod Protect is Active 
Read Aux B-BD, Convert 
to do TLU from Aux B-1 1 
thru 15, Read Aux B-B9 
and Compare to Value 
from TLU 



Suppress Out 



— 1CA[ 



QH421 



Reset Op In - Stat In 

Initial Selection to 
do Search -31 



1CB5 



QH422 



Head Seek IB RS Chart 20 (Sheet 1) 



SEARCH ID - 31 COMMAND 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



1400 Addr Transfer,Send 
CCHHR to FCU to Lo- 
cate Record 



Stat In During This Loop In- 
dicates either a Flagged Track 
or Index Passed Twice Without 
Equal Addr Found, This Initiates 
Sense Comm 



QH371 



Stat In 




Fl = CE • DE 



— 1B8F 



- QH371 



Error 
General Stop 



Do 
Sense Command 



Yes 



Stat Modifier on Indica- 
tes Search Equal . 
Comm Continues to Loop 
Until Search Equal or 
Index Passed Twice. 
Equal on with Either ID 
or RO. 



Addr Op 
1C3F 



Sector Op 
1C3D 



--- 1 QH391~| 



Set Supp Out 



Initial Select to 
Repeat Op 31 




Initial Selection 
Do Read or Write 



Set Record Value to 00 — 



Store Cyl Value 



Read K29- Aux B - BD 



Determine Actual Cyl 
Value 



Initial Select Repeat 31 
Code to Search RO 



Search Complete is 1 1CBC| 1 QH3 91 

Search = On Both RO 

and ID 



Compare Disable On 
Says, Search was for 



RO, 
Bypassed 



:h ID 



1 ICBEI 1 QH391 



After Search ID 
Search RO is Neces- 
sary to Establish Tim- 
ing Sync 



1C7F 



OH422 



— Aux B - 



— TLU Using this Value 1C19 QH422 



Stored in Aux B - 
91,93,95,97 or 99 

This is required to 
insure RO Compare. 
Search ID may have 
been for an Address 
not normal to that 
Track 



— 1C74 QH422 



Search ID— 31 Command RS Chart 21 (Sheet 1) 



SENSE COMMAND - 04 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Initial Selection 



Serv In 



Read Sense Bytes and 
Store in Aux Storage 

Byte 
Byte 1 
Byte 2 
Byte 3 



Status In 



Reset Op - Status In 




Yes 



1BB5 — 



OH361 



Stored in Aux 
80 thru 83 



1C40 



1C41 



— 1C42 



- 1C43 



QH511 



Fl = OC = CE • DE 



1C43 QH511 



1C79 



OH521 



Sense Byte Bit 6 
On is Flagged Track 



Set Alternate Track 
Indicator 



Set GO to 1 = 
Alternate Track 



1C49 OH521 




Yes 



Alternate Track Routine 

► 



To Return from 
Alternate Track 
Routine 



Set 1400 any File Error 
Condition Reset 1400 RBC 
Bit if On 



Aux A - 9B 



ICOO 



GH511 



Return to I Cycles 



Sense Command--04 RS Chart 22 (Sheet 1) 



IV SEEK OPERATION 

A. Initialize Auxiliary Storage 

B. Enter following program 
C Ready the 1st File 

D. 1400 Start Reset 

K, Start Program (Set IC to 500) 

F, Execute program in single cycle or Roar Stop on 
address provided in I'low chart for Seek Operation. 

This program should do repetitive seeks between 
1400 cylindex-s 000 and 050. The actual physical 
location on the Disc Pack are cylinders 001 and 
051 . The compatiljility feature increments all 
1400 cylinders plus one liccause cylinder 000 is 
reserved lor 360 use. 

500 M^', F 600 R Seek to Cylinder 00 

508 _B 5 \ Branch on Busy 

513 M 'r F 700 R Seek to Cylinder 50 

521 B 5 1 3 \ Branch on Busy 

526 B 5 _^ Return to Seek 

600 ± 

700 ±0100 



SEEK OPERATION -07 



OVER -ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



2nd 



Start Execute Seek 





1st 



Addr Out 



Sel Out - Op In 



Addr In Up 
Addr Out Drops 



Sel Out Drops 



- Bus Out = Dev Addr 



IBAO QH341 



1B90 



j QH341 



1B92 Addressed 
Twice to Execute 
Addr Out 



1B92 — 



QH341 



1BA5 



QH351 



Stat In - Addr In Drops 



Stat In Always Pre- 
sented Twice 
1st Pass Fl = 14 
2nd Pass Fl = 00 



IBBO QH361 



Develop 07 Command 



1B40 



QH351 



Store Comm in Aux B-BE 



Displayed in MSDR 1B3A QH361 



Op In^Stot In Drops 



Serv In Up 



No 




1st Pass 



2nd Pass 



1BB4 



QH361 



Seek File 1400 
Cylinder +1 



Stat In 



Fl = 08 = CE 



1B8F 



QH371 



Stat In and Op 
In Drop 



I 1C33 I I QH541 



Return to I Cycles IICD QEOOl 



Seek Operation RS Chart 23 (Sheet 1) 



ALTERNATE TRACK ENTRY AND EXIT OBJECTIVE 

Refer to Individual Flow Charts for Details on the Following Command Codes. 



OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Initial Selection 


ROAR Stop Chart 19 

ROAR Stop Chart 20 

ROAR Stop Chart 21 

ROAR Stop Chart 22 




Head Seek - IB 










Initial Selection 




Search ID -31 










Unit Check Encountered 
Do Sense Command 04 










Initial Selection 




Sense - 04 










Track is Flagged 


Aux B - 80, Bit 
6=1, Trk Flagged 













Initial Selection 


RO Contains Alternate 


Read RO - 16 


Track Address 








Initial Selection 


Seek to Alternate 
Track 


Full Seek -07 












Initial Selection 


A L 


Stat In 


Search ID -31 


Search Orig Addr 


Must Process 
In H Mode 








Initial Selection 


Stop Check 


Read or Write 




ROAR Stop Chart 23 










Return to Orig Track 










Initial Selection 


Seek Orig Track 


Full Seek -07 










Return to 1 Cycles 





1C25 QH511 



IBBO QH361 



ICID QH391 



ALTERNATE TRACK ROUTINE 
OVER-ALL SEQUENCE 



DETAILED SEQUENCE 
INFORMATION ROS ADDRESS LOGIC PAGE 



Track is Flagged 



Initial Selection 




Read Record 






















Initial Selection 


Full Seek - 07 


<^ D 


E 


No 
\ 



Aux B-80 Bit 6=1 



RO CCHH Read Into Aux 
A - AO thru A3 
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